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Isolation and Cultivation 


of BRUCELLA 


Preliminary Enrichment 


Isolation of Brucella strains from blood specimens is best 
accomplished by preliminary enrichment of the sample 
in medium prepared from Bacto-Tryptose Broth. For 
isolation from samples of infected milk no enrichment 
is required. 


Isolations of Strains 


After enrichment, the blood specimens are streaked on 
plates of Bacto-Tryptose Agar and the plates are incu- 
bated at 37° C. Milk samples are streaked on plates of 
Bacto-Tryptose Agar prepared with crystal violet to in- 
hibit the streptococci and other Gram-positive organisms. 


Differentiation of Types 


Bacto-Tryptose Agar to which thionin or basic fuchsin 
has been added is recommended for the differentiation 
of newly isolated strains of Brucella. 


Mass Cultivation 


Bacto-Tryptose Agar, prepared without addition of dyes 
or other ingredients, supports luxuriant growth of all 
Brucella, It is an excellent medium for mass cultivation 
of the organisms for preparation of bacterial vaccines or 
antigens. 


Specify "DIFCO" 
THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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LOOKS LIKE COCCIDIOSIS... 


But What Type? 


While poultrymen often think they can 
recognize cecal coccidiosis, they unques- 
tionably need your professional services 
to diagnose the various forms of intesti- 
nal coccidiosis, and acute fowl cholera. 

Difficult though the latter diagnoses 
may be, treatment can be simplified by 
using Sulfaquinoxaline. It is the one 
available product that prevents and con- 
trols coccidiosis outbreaks in chickens and 
turkeys caused by the seven most damaging 
species of coccidia. Furthermore, it also 
checks immediate mortality in acute 
fowl cholera. 


Easily administered in water or feed, 
Sulfaquinoxaline is available in solutions, 
tablets, soluble powder, and premixes 
from your veterinary pharmaceutical 
manufacturer. 


Up-to-date, authoritative 
facts on Coccidiosis Ther- 
apy are summarized in 
this booklet. It’s yours for 
the asking. 


Sulfaquinoxaline 
Merck 
Veterinary 


SULFAQUINOXALINE MERCK 


| 


MERCK & CO., Inc. 


Manufacturing Chemists 


RAHWAY, NEW JERSEY 
| In Canada: MERCK & CO. Limited — Montreal 
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Response of Cattle to Brucella Following Sexual Stimulation 
and Brucella Exposure During Early Calfhood 


F. V. WASHKO, D.V.M., M.S., Ph.D.; C. R. DONHAM, D.V.M., M.S.; 
ANN HEIMLICH, B.S. 


Lafayette, Indiana 


IT IS DEFINITELY known that sexually im- 
mature cattle resist infection by Brucella 
abortus. Also, castrated cattle show little or 
no susceptibility to Brucella. Hence, it has 
been stated many times by many competent 
investigators that brucellosis infection in 
cattle has a definite predilection for func- 
tioning reproductive tissues. This lack of 
susceptibility to infection by young calves 
had led to the adoption of successful plans 


basis after the termination of first preg- 
nancy, and replacement of parent stock 
with such offspring reared in a Brucella- 
free environment. The desirability of in- 
vestigating the mechanism behind this 
natural resistance could hardly be over 
estimated. If there should be a usable re- 
lationship between sex hormone level and 
susceptibility to Brucella infection, it would 
be desirable to investigate the possibility of 


TABLE I—Blood Serum Agglutination Response in Calves Following Stimulation 


Pre- Agglutination response: 
Animal exposure 


60 


Gonadotropin 


with Female Sex Hormones 


Days after subcutaneous exposure to Brucella abortus 


90 174 401 


+ =Complete agglutination. P =Partial agglutination. T =Trace of agglutination, — = Negative agglutination. 


of brucellosis control based on the isolation 
of young calves from infected herds, main- 
tenance of these animals on a separate herd 


From the Department of Veterinary Science, 
Purdue University, Lafayette, Ind. 

Published as Journal Paper No, 617, Purdue Uni- 
versity Agricultural Experiment Station. 

The authors are indebted to Dr. L. M. Hutchings, 
Dr. F. N. Andrews, and Miss Doris E. Bunnell for 
their part in carrying out this work. 

These studies were supported in part by a grant 
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Agriculture, Washington, D. C. 


altering sex hormone levels in the young 
calf in an attempt to stimulate the immu- 
nity-producing mechanisms of the tissues 
at an early age. Such conceivably might 
make possible vaccination with fully viru- 
lent Brucella at an age younger than 4 
months, with the hope of increasing re- 
sistance to infection by Br. abortus. Such 
practice might also increase the effective- 
ness of calf vaccination by limiting varia- 
tions naturally resulting from the wide 
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range in age at which the first estrus occurs. 

Past investigations indicate that blood 
serum agglutinins in young calves arise not 
as a result of activity of the natural ag- 
glutinin-producing process of the calf it- 
self but from the ingestion of colostrum 
or milk containing agglutinins from Bru- 
cella. Huddleson':? found that agglutinat- 
ing and complement-fixing bodies for Br. 
abortus are rarely demonstrated in the 
blood of calves as a result of ingesting 
naturally infected milk. He later demon- 
strated that calves ingesting milk contain- 
ing Br. abortus from cows infected either 
naturally or artificially with Br. abortus 
failed to react in a manner which would 
indicate the establishment of the organism 
in the body tissues. These results corre- 
spond to those obtained by Quinlan? who 
found no evidence of infections persisting 
in 39 calves showing a blood reaction at 
birth or following the ingestion of colostrum 
from cows infected with Br. abortus. Car- 
pentert was successful in isolating Bac- 
terium abortus from the lymph nodes 
centripetal to the oral cavity and pharynx 
as well as from the mesenteric lymph nodes. 
He found that the organism remained in 
the lymph nodes of the calf, especially the 
submaxillary, atlantal, and suprapharyngeal 
for at least four weeks after the animal 
was removed from an infected environment 
and fed on milk not containing the Bact. 
abortus organism. According to his re- 
sults, the age of the calf had little or no 
effect on invasion of the tissues by the 
organism. Interestingly, blood serum ag- 
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glutination reactions in such young animals 
were usually negative. 

In our work, calves of about 1 month of 
age were injected with gonad-stimulating 
and estrogenic hormones in an attempt to 
simulate the pubertal state. Later immuno- 
logical studies were undertaken to deter- 
mine if the resistance of pregnant heifers 
had been altered as a result of hormone 
administration combined with exposure to 
virulent Br. abortus during early calfhood. 


EXPERIMENTAL 


Twelve young female calves were used in 
the study. The history of each animal was un- 
known except for verbal assurance from each 
owner that the animal purchased was under 1 
month of age. The calves were tested for the 
presence of Brucella agglutinins using the rapid 
plate test as described by Huddleson,’ employ- 
ing plate antigen prepared by the United States 
Bureau of Animal Industry at serum dilutions 
1:25, 1:50, 1:100, 1:200, and 1:400. No ani- 
mal reacted to the plate test at the time of 
purchase. 

The calves were divided into 
groups and treated as follows: 

Jroup 1 was injected subcutaneously with 
10 units of gonadogen (pregnant mare’s serum, 
Upjchn) on alternate days for a series of seven 
injections. This was followed by 1,250 inter- 
national units of chorionic gonadotropin (hu- 
man pregnancy urine, Upjohn) on alternate 
days for a series of six injections, after which 
gonadogen injections were resumed for a series 
of seven injections using 15 units per injection. 

Group 2 was treated in a similar manner but 
2.5 mg. doses of estrogenic substance (diovo- 
cylin, Ciba) were substituted for the gonad- 
stimulating hormones. 


three equal 


TABLE 2—Blood Serum Agglutination Response and Cultural Results in Heifers 
at Termination of Pregnancy 


Animal Titer before 


No reéxposure 31 74 


Gonadot ropin 
ress Fe 


Agglutination response: Days after reéxposure 


Cultural 
results at 
parturition 


— Parturition 


pos. 
neg. 
neg. 
neg. 


Controls 
P T-- 


neg. 


pos. 
Membranes and 
fetus unavailable 


+ =Complete agglutination. P =Partial agglutination. T =Trace of agglutination. — = Negative agglutination. 


N=Normal. A =Aborted dead calf. 
placenta and calf. NP =not pregnant. 


Positive indicates recovery of Brucella abortus from colostrum and/or fetal 
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RESPONSE OF CATTLE TO BRUCELLA 


Group 3 served as the untreated control unit. 

All calves were exposed to a laboratory 
culture of Br. abortus three times during the 
period of hormone administration. The first 
exposure was per conjunctiva two weeks after 
starting hormone injections using about 200 
million organisms, the second exposure sim- 
ilarly one week later using about 64 million 
organisms, followed in two weeks by a third 
subcutaneous exposure of about 800 million 
organisms. The three groups were kept in a 
common enclosure and managed as a unit. 
Blood samples were collected at weekly inter- 
vals to determine blood serum agglutination 
response. The standard rapid plate test was 
used as described above. 

At approximately 1 year of age, the heifers 
were bred. One of the animals in group 2 
failed to conceive after repeated breedings. 
After pregnancy had been established in the 
others as determined by rectal palpation, all 
animals were exposed to approximately one 
million Br. abortus organisms by the con- 
junctival route. The suspension of Brucella 
used was injected into guinea pigs at the time 
of exposure to determine its pathogenicity for 
this species. The exposure strain was recovered 
from an aborted calf and conformed to the 
standard characteristics of Br. abortus as deter- 
mined by sulfur gas production, CO, require- 
ment, and dye plate growth inhibition. At the 
termination of pregnancy, fetal tissues, pla- 
centas, and colostrum were obtained when pos- 
sible and examined for the presence of Brucella 
by direct cultural and guinea pig inoculation 
procedures. 

RESULTS 


Both hormonally stimulated groups of 
calves exhibited increased sexual activity 
as measured by estrous symptoms and 
udder development. Blood titers indicative 
of infection were elicited ten days follow- 
ing subcutaneous exposure in groups 1 and 
2 (table 1). Agglutination titers persisted 
at a rather high level for approximately 
two months, after which they began to 
recede until they were essentially negative 
after six months. 

Guinea pigs inoculated with a suspension 
of exposure material at the time of chal- 
lenge exposure developed agglutination 
titers positive at a serum dilution of 1: 400 
(highest dilution employed) and showed 
lesions of brucellosis at autopsy. Brucella 
abortus was recovered from the guinea pigs 
at autopsy. Thus, the culture used for 
challenge exposure was pathogenic for 
guinea pigs at the time of such exposure. 

Variable blood serum agglutination re- 
sponses were elicited following challenge 


exposure (table 2). One animal in group 
1, 2 animals in group 2, and 3 animals in 
group 3 aborted. Brucella abortus was re- 
covered from the colostrum and fetal mem- 
branes and/or placentas in all recorded 
abortions except 1 of the controls that had 
an unobserved abortion while on pasture. 
The strains of Br. abortus recovered from 
heifers 1, 8, and 11 did not require CO, 
for primary isolation but did conform to 
the other characteristics of Br. abortus. 


DISCUSSION 


The results of this and other experimental 
work being carried on at this station indi- 
cate that susceptibility to Brucella infec- 
tion may be associated with functional re- 
productive tissues. All animals in the ex- 
perimental group showed gross udder 
enlargement. Indeed, several in each group 
produced milk and 1 individual (calf 6) 
developed a mastitis of the left rear quarter. 

It is interesting to note that the experi- 
mental animals developed active infection 
as evidenced by persistent agglutination 
titers while the controls failed to develop 
agglutinins for Brucella throughout the 
prechallenge period. 

Aside from a possible alteration in abor- 
tion rate, therefore, the results of this trial 
demonstrate that the early exposure of 
calves to Br. abortus under unnatural physi- 
ological conditions had little effect on sus- 
ceptibility to brucellosis during the first 
pregnancy. 


SUMMARY 


1) Young female calves injected with 
gonad-stimulating hormones and exposed 
to Brucella abortus before puberty became 
infected with Brucella as measured by 
blood serum agglutination response. Con- 
trol calves (without hormone stimulation) 
failed to become infected when exposed in 
a similar manner. 


2) The agglutinins produced in the ex- 
perimental calves persisted at rather high 
levels for two months after which serum 
agglutination titers gradually receded until 
they were essentially negative after six 
months. 

3) Challenge exposure to virulent Br. 
abortus of these animals during their first 
pregnancy failed to show increased resist- 
ance to Br. abortus infection as a result 
of prepubertal infection with brucellosis, 
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NUMEROUS ATTEMPTS to develop means for 
the control of bovine brucellosis have been 
reported. It would serve no worthwhile 
purpose to review at this time the early 
efforts aimed at the development of a pro- 
tective vaccine against the disease, other 
than to state that no outstanding success 
in the use of agents incapable of producing 
infection of the vaccinated animals was 
attained prior to the development of Bru- 
cella strain 19 vaccine by the United States 
Bureau of Animal Industry (BAI). 

The consensus resulting from several 
years’ experience in the use of strain 19 
vaccine is that it produces a very service- 
able resistance but not an absolute im- 
munity to Brucella abortus infection in cat- 
tle. Results obtained with other bacterial 
vaccines give slight encouragement to a 
hope that Brucella vaccines will afford 
absolute protection under all conditions of 
challenge. 

Reactor agglutinin titers following ad- 
ministration of strain 19 vaccine, particu- 
larly in adult vaccination, may persist for 
several months. This is unfortunate, since 
such titers can not be distinguished from 
those that result following virulent in- 
fection. This condition is frequently a 
disturbing factor to disease control efforts 
wherein identification of infected cattle is 
based upon the results of the agglutination 
test. 

Obviously, any vaccine not causing this 
agglutinin development but still affording 
a satisfactory plane of resistance without 
danger of establishing infection in the vac- 
cinated animal would represent a valuable 
aid to the problem of brucellosis control. 


From the Department Veterinary Science, Ohio 
Agricultural Experiment Station, Wooster. 
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Comparative Tests of the Protective Value of Huddleson’s 
Mucoid and Strain 19 Vaccines in Cattle. Il 


B. H. EDGINGTON, D.V.M.; N. B. KING, B.S., D.V.M., M.S.; 
NORMA FRANK, B.S., M.S. 
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Huddleson in 1947' reported the results of 
investigations in the immunization of guinea 
pigs with a mucoid phase growth of Brucella. 
He observed that live cell suspensions of cer- 
tain mucoid phase growths of Brucella suis and 
Brucella melitensis injected into normal guinea 
pigs resulted in a high degree of immunity 
against experimental infection with all three 
species of Brucella. 

Expanding his investigations to include cat- 
tle, Huddleson in 1948? reported results obtained 
in 24 herds having a total of 1,127 animals 
that were given a vaccine prepared from a 
mucoid phase growth of Br. suis. Brucella in- 
fection was of recent development in the ma- 
jority of these herds. Nonvaccinated animals 
were not available for use as controls in these 
herds. The presence or absence of brucellosis 
in the animals was based principally upon the 
serum agglutinin titers obtained in tests made 
at, or shortly before, the time of vaccination 
and at intervals over an observation period of 
twelve to fourteen months. 

The initial agglutination tests of the animals 
showed 772 as negative, 158 as suspicious, and 
197 as positive reactors. Forty of the 772 ini- 
tially negative animals were removed from the 
group during the experiment. Twenty-five of 
the remaining 732 animals developed doubtful 
and 23 reactor agglutinin titers. 

Referring to the work of McEwen et al and 
Bendixen and Bloom,‘ Huddlescn calls attention 
to the period of more than 200 days that may 
elapse before cattle show a significant ag- 
glutinin titer after a known exposure to Br. 
abortus and states, “It was, therefore, not sur- 
prising to find 23 negative animals in a few of 
the herds showing evidence of infection after 
the injection of the vaccine.” 

Discussing titer development and recession 
that followed administration of the mucoid 
vaccine, Huddleson observed that, following 
subcutaneous injection of 10” viable cells of 
the mucoid phase growth into noninfected adult 
cattle or calves, the blood serum agglutinin 
titers do not develop higher than 1: 100 and 
as a rule a titer of 1: 25 is not present ninety 
days after the injection. 

The over-all results of this investigation ap- 
peared to offer encouragement as to the pro- 
tective value of the vaccine used. 

These investigations engaged the attention of 
workers in this field of research and an en- 
thusiastic demand by many herd owners for 
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use of the mucoid vaccine in their animals. 
Experimental use in Ohio of Huddleson’s Bru- 
cella M vaccine (hereinafter designated as M) 
was authorized by Dr. H. G. Geyer, state veter- 
inarian, under permission to obtain the vac- 
cine granted by Dr. B. T. Simms, chief, United 
States Bureau of Animal Industry. Edgington 
and King® in 1949 gave a progress report on 
results obtained in a comparative test of M and 
strain 19 vaccines used in adult beef cattle 
which were later challenged by experimental 
exposure with a virulent strain (2308) of Br. 
abortus. As a result of this exposure in the 
gronp of 7 nonvaccinated controls, 3 aborted 
and 1 had a premature birth. Brucella abortus 
was recovered from either the aborted fetus or 
milk of the dam in each of the abnormal births. 
Each of the 8 M and 11 strain 19 vaccinated 
cows had normal calvings. Brucella abortus 
was recovered from only 1 of the vaccinated 
cows. This cow had received M vaccine. 
Results presented in the present report were 
obtained in the second series of experiments 
designed to furnish information on the protec- 
tive value of Huddleson’s Brucella M vaccine. 


PROCEDURES 


Blood Serum Agglutination Tests.—The usual 
tube method of testing was used throughout 
the experiment for titer determinations. Serum 
in twofold dilutions ranging from 1: 25 to 
1 : 12,800 and a standardized BAI antigen were 
used. The tests were read following incubation 
at 37 C. for forty-eight hours. 

The Vaccines.——The M vaccine was supplied 
through the courtesy of Dr. I. Forest Huddleson 
from current production lots of the Brucella 
Laboratory, East Lansing, Mich. The strain 19 
vaccine was obtained from the United States 
Bureau of Animal Industry. The vaccines were 
injected subcutaneously at the upper portion 
of the area immediately posterior to the scapula. 
The individual dose of vaccine injected was 
1 ml. for M and 5 ml. for strain 19. 

Immunity challenge.—Resistance of vacci- 
nated and control animals was challenged by 
conjunctival sac instillation of virulent Br. 
abortus (BAI 2308) organisms. The concen- 
tration of viable cells used for the infecting 
doses was obtained by suitable dilution of a 
basic suspension of the culture standardized to 
contain 1 billion viable cells per milliliter. The 
final cell concentration was so adjusted that 
0.1 ml. contained the entire infecting dose of 
750,000 crganisms for each animal. 

Attempted recovery of Br. abortus following 
immunity challenge was limited to the inocula- 
tion of Tryptose-agar plates with milk, stomach 
content of the aborted fetus, and vaginal swabs 
made from the recently calving dam. 

Duplicate plates were inoculated with each 
material. One of each sets of plates was in- 
cubated under increased CO,. Following a mini- 
mum of four days of incubation at 37 C., col- 
onies showing Brucella characteristics were se- 
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lected for further identification. Saline suspen- 
sions of the selected cultures were used as the 
antigen in agglutination tests with known posi- 
tive and negative Br. abortus serums. 

Huddleson’s dye plate method® was used for 
species determinations. 

THE EXPERIMENT 

Twenty-one Holstein-Friesian heifers obtained 
from a brucellosis-free herd were used in this 
test. 

During the eighteen months between the 
time of their assembly and that of experimental 
exposure, they were maintained in pasture or 
winter quarters as a single herd under condi- 
tions intended to avoid opportunity for unin- 
tentional Brucella exposure. 

They were considered as three groups of 7 
head each for the purpose of the experiment. 
Group A received M vaccine, group B was given 
BAI strain 19 vaccine, and group C was re- 
tained as nonvaccinated controls. 

The heifers showed negative agglutinin titers 
at 1: 25 diluticn in the initial test at the time 
of their assembly and on two subsequent tests 
at monthly intervals prior to vaccine adminis- 
tration. 

The age at time of vaccine administration of 
the heifers that were ultimately exposed is 
shown in table 2. Originally, it was intended 
to use heifers between 6 and 8 months of age 
at the time of vaccination; however, the ani- 
mals were not available for the test until they 
ranged in age between 8 to 15 months. The 
average vaccination age of the heifers in groups 
A, B, and C that were ultimately exposed to 
Br. abortus was 10.1; 9.6; and 11.3 months, 
respectively. 

Breeding of the heifers was started approxi- 
mately ten months following vaccine adminis- 
tration and was limited to a period of eighty 
days in an effort to obtain gestations of some- 
what uniform duration at the subsequent time 
of Brucella challenge. The heifers were bred 
principally by artificial insemination which re- 
sulted in established pregnancy in 5 of the 
strain 19 vaccinated animals and 6 each of the 
M vaccinated animals and nonvaccinated con- 
trols. 

Just prior to Brucella challenge, the heifers 
were placed in individual pens where they re- 
mained throughout the remainder of the ex- 
periment. The pens were arranged on either 
side of a central feedway. The pens and feed- 
way were of concrete construction and each pen 
was separated from the adjoining pens by con- 
crete partitions. The front of the pen had an 
entry gate adjacent to which was a removable 
feed bunker extending into the feedway. At the 
rear of this bunker was a catching stanchion 
used for restraint of the animal for obtaining 
blood samples without necessity of entering the 
pen. 

With this arrangement it became unnecessary 
for the attendants to enter the pens except for 
daily removing of manure. The control group 
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of heifers was retained at one end of the series 
of pens. No other effort at segregation of the 
groups was attempted and the same attendants 
cared for the three groups of heifers indis- 
criminately. Brucella challenge of the 17 preg- 
nant heifers was made approximately sixteen 
months following vaccine administration. 
Brucella abortus used for challenge was a 
lyophilized sample of culture 2308, lot 373, 
furnished by the United States Bureau of 
Animal Industry. The lyophilized sample was 
reconstituted in 0.3 ml. sterile 0.85 per cent 
saline solution. Tryptose-agar slants were in- 
oculated with 0.1-ml. amcunts of this suspension 
and incubated at 37 C. for sixty-eight hours. 
The resulting growth was removed with saline 
solution and standardized to contain 750,000 
organisms per exposure dose of 0.1 ml. This 
volume of culture suspensicn was administered 
to each heifer, one half of the dose being in- 
stilled into the conjunctival sac of each eye. 

Agglutinin titers of the heifers obtained in 
tests made at intervals throughout the experi- 
ment are given in table 1. All heifers showed 
negative titers at 1: 25 dilution in each of the 
tests made prior to the time of vaccine adminis- 
tration. The M vaccinated animals showed but 
slight titer increase following vaccine adminis- 
tration. These titers receded to negative or 
incomplete at 1: 25 in tests made two months 
postvaccination and remained within this limit 
up to the time of Brucella exposure. The strain 
19 vaccinated animals showed marked ag- 
glutinin development during approximately two 
months following vaccination. Thereafter, 
there was a general recession in titers until 
the time of challenge when they ranged from 
negative at 1: 25 to incomplete at 1 : 200. This 
delay in titer recession probably was due to 
the age of the heifers at time of vaccination. 
Agglutinin titers of the nonvaccinated heifers 
never exceded incomplete at 1: 25 in any test 
made prior to their Brucella challenge. 

Following Brucella exposure, 3 of the 6 M 
vaccinated animals (11, 16, 20) developed re- 
actor titers which were maintained to the ter- 
mination of their gestations. The other heifers 
of this group showed titers ranging from nega- 
tive at 1:25 to incomplete at 1:50. Some 
titer increase was observed in the strain 19 
vaccinated animals following exposure; how- 
ever, the titers at time of calving were at most 
but slightly increased above that noted at the 
time of exposure. Heifer 17 showed a titer of 
1: 200 at calving which had increased to in- 
complete at 1 : 3200 approximately two months 
later. 

Five of the 6 heifers in the nonvaccinated 
group developed titers which at calving ranged 
between incomplete at 1: 400 to incomplete at 
1 : 6400. The remaining heifer (21) gave a titer 
of incomplete at 1: 100 in the first test follow- 
ing exposure with the titer receding to not 
greater than incomplete at 1: 25 thereafter. 
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The outcome of gestations and the results of 
attempted recovery of Br. abortus following 
Brucella exposure are presented in table 2. 
Two of the 6 M vaccinated heifers (16, 20) 
aborted and 1 (11) had a premature calf that 
lived. Brucella abortus was recovered from 
colostrum and/or vaginal fluid of each. Three 
heifers (5, 14, 15) had normal calvings and 
Br. abortus was not recovered. 

Each of the 5 strain 19 vaccinated heifers 
had normal calvings; however, Br. abortus 
was recovered from vaginal fluid of heifer 17. 
This heifer was the only one of the strain 19 
group that had shown definite agglutination 
reactions following Brucella challenge. Four 
of the 6 nonvaccinated heifers (1, 2, 3, 8) 
aborted and 1 (4) had a premature calf. Bru- 
cella abortus recoveries were obtained from 
each. Heifer 18 had a normal calving and 
efforts to recover Br. abortus from her colos- 
trum and vaginal fluids were unsuccessful. 


DISCUSSION 


Evaluation of the establishment of in- 
fection in the strain 19 vaccinated animals 
on the basis of agglutinin development fol- 
lowing Brucella challenge of the heifers 
was somewhat uncertain due to the existing 
titers, probably the result of vaccine ad- 
ministration, that were present at the time 
of exposure. However, the only heifer in 
this group from which Br. abortus was 
recovered showed a definite reactor titer. 
All other Brucella exposed heifers that de- 
veloped and maintained reactor titers either 


TABLE 2—Results from Brucella Abortus Challenge 
of Pregnant Heifers 
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aborted or had premature calves and Br. 
abortus was recovered in each instance. 

The average gestation at the time of 
Brucella challenge of the three groups of 
heifers was 145.4 days in the M vaccinated 
animals; 168 days in the strain 19 group, 
and 154 days in the nonvaccinated group. 
It appears unlikely that this variation was 
a factor of significance in the outcome of 
infection, since the average gestation at 
time of exposure of the nonvaccinated 
heifers that became infected was 161.4 days. 

Based on the recovery of Br. abortus 
from the heifers or their fetuses at the 
time of calving, infection was established 
in 50 per cent of the M vaccinated animals, 
20 per cent of the strain 19 group, and 83.3 
per cent of the nonvaccinated controls. 

These results give evidence as to the 
virulence of the exposure culture and the 
adequacy of the dosage employed under 
the conditions of this experiment. It is 
likewise evident that the exposure was not 
so great as to entirely overcome the pro- 
tective value of the vaccines used. Since 
neither vaccine gave 100 per cent protection 
to the challenging test and if the 16.7 per 
cent failure of infection in the group of 
nonvaccinated heifers may be accepted as 
representing the rate of normal resistance 
for each of the groups under similar con- 
dition of exposure, the protective values 
would be 33.3 per cent for the M and 63.3 
per cent for the strain 19 vaccines. Under 
conditions of this experiment, the protec- 
tion by strain 19 vaccines against experi- 
mental challenge was greater than that 
afforded by the M vaccine. However, since 
the M vaccine does not produce the high 
or persistent blood titers frequently ob- 
served following the use of strain 19, espe- 
cially in adult cattle, it may have an addi- 
tional value which is not appraised by the 
results of the present experiment. 


SUMMARY 


A test of the protective value of Huddle- 
son M and BAT strain 19 vaccines admin- 
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istered to young dairy heifers which later 
during the four to six months of gestation 
were experimentally exposed to virulent 
Brucella abortus organism is reported. 

The experimental heifers were selected 
from a Brucella agglutination - negative 
herd and ranged from 8 to 15 months in 
age at the time of vaccine administration. 

One group of these heifers was given 
Huddleson M vaccine, another received 
strain 19 vaccine, and a third group re- 
ceiving no vaccine was used as controls. 

During the four to six months of preg- 
nancy, and approximately sixteen months 
following vaccine administration, each preg- 
nant heifer was subjected to experimental 
exposure by conjunctival sac instillation 
of 750,000 viable organisms of a virulent 
culture Br. abortus. 

The protective value of the vaccines was 
assessed on the basis of recovery of Br. 
abortus by cultural methods from specimen 
material obtained from each heifer or her 
aborted fetus at or near the time of calving. 

Brucella abortus cultures were obtained 
from 5 (83.3%) of 6 nonvaccinated con- 
trols, 3 (50%) of 6 M vaccinated animals 
and 1 (20%) of 5 strain 19 vaccinated 
animals. 
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LITERATURE 


Removal of the corpus luteum during early 
pregnancy will terminate pregnancy in the 
cow according to Hess" and Schmaltz.” Sar- 
toris” found that removal of the ovary con- 
taining the corpus luteum or both ovaries in 
cows more than six months pregnant resulted 
in abortion in all cases. The corpora lutea 
have been found necessary for the maintenance 
of pregnancy throughout most if not all of ges- 
tation in the rat,” the goat, and the rabbit.‘ 
The ovaries or corpora lutea can be removed 
before the end of gestation without interrupt- 
ing pregnancy in sheep,? monkey,® guinea pig,™ 
dog and cat,’ mare,® and woman.’ 

Raeside and Turner and Uren and Raeside™ 
reported an experiment with heifers where 
daily injections of 25, 50, or 75 mg. of “pure” 
progesterone in olive oil after removal of the 
corpus luteum between the thirty-sixth and 
seventy-sixth day of pregnancy failed to main- 
tain pregnancy to term. Removal of the corpus 
luteum on the 205th day of pregnancy without 
subsequent progesterone injections was fol- 
lowed by delivery of-a live calf on the 273rd 
day of pregnancy. 

Meites et al.” were able to maintain preg- 
nancy in 3 goats after removal of the corpus 
luteum on the one hundredth day of preg- 
nancy by administering 25 mg. of proges- 
terone daily from the ninety-ninth to the 149th 
day of pregnancy. Parturition occurred on 
the 15lst day of gestation. 

The possibility that a poorly functioning 
corpus luteum might lead to resorption or 
abortion of the fetus prompted this investi- 
gation to determine whether pregnancy could 
be maintained in the cow by administering 
crystalline progesterone in sesame oil after 
surgical removal of the corpus luteum at ap- 
proximately the sixtieth day of pregnancy. 
Provided pregnancy could be maintained by 
replacement therapy, the study sought to deter- 
mine the necessary amounts of progesterone. 
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Finally, the study sought to determine whether 
exogenous progesterone is necessary through- 
out pregnancy. 


MATERIALS AND METHODS 


Eighteen mature grade Holstein-Friesian 
cows averaging 1,200 lb. in body weight were 
used for this study. Approximately one-half 
had calved previously, but none were lactat- 
ing during the experiment. Serum-agglutina- 
tion tests for brucellosis were negative before 
and during the experiment. The husbandry 
of these animals was excellent. They were 
kept on a hay and grain ration throughout the 
year, and were bred by natural service. Breed- 
ing was begun in September, 1950, and was 
completed by April, 1951. Day one of pregnancy 
was considered the day following insemination. 

Pregnancy was confirmed by palpation of the 
uterus through the rectum. At approximately 
the sixtieth day of pregnancy, each test animal 
was subjected to surgical removal of the cor- 
pus luteum. The corpora from the first 3 
animals were removed through an incision in 
the abdominal wall in the paralumbar fossa 
area. Subsequent ablaticns of corpora lutea 
in other animals were through incisions in 
the anterodorsal walls of the vaginas.” In all 
cases, the corpus luteum was completely re- 
moved from the body cavity. The ovaries were 
examined for the presence of corpora lutea 
which may have resulted from multiple ovu- 
lations. Histological sections of most of the 
extirpated corpora lutea were prepared and 
examined to confirm completeness of their re- 
moval. 

The progesterone used for replacement ther- 
apy was U. S. Pharmacopoeia, Melting Point 
128 C., in sesame oil, 10 mg. of progesterone per 
milliliter. Intramuscular injections were given 
in the gluteal region, using a 16-gauge, 3-in. 
needle, once daily in the late afternoon. 


RESULTS 


Control animals were used in this in- 
vestigation, even though clinical evidence 
has shown that corpus luteum removal 
during early pregnancy usually is followed 
by abortion. Five cows were subjected to 
corpus luteum ablation between the ninety- 
second and the 163rd days of the gesta- 
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tion period (fig. 3) without subsequent 
progesterone injections. All pregnancies 
terminated promptly; abortion of the in- 
tact fetuses occurred between four and 
eleven days after surgery, with the excep- 
tion of cow 226 which discharged a macer- 
ated fetus. 

The Maintenance of Pregnancy after 
Corpus Luteum Removal.—The first objec- 
tive was to determine whether pregnancy 
could be maintained after the removal of 
the corpus luteum. One hundred milli- 
grams of crystalline progesterone in sesame 
oil was administered intramuscularly daily 
to 8 animals beginning on the day of 
corpus removal. Seven of these 8 animals 
delivered live calves (fig. 1). The fetus 
of cow 946, however, became mummified 
about the 170th day of pregnancy, injec- 
tions were discontinued on the 182nd day 
of pregnancy, and abortion of the mummi- 
fied fetus occurred between 187 and 194 
days after conception. 

The Quantity of Progesterone in Sesame 
Oil Needed to Maintain Pregnancy.—The 
next objective of the study was to deter- 
mine the minimum daily amount of pro- 
gesterone necessary to maintain pregnancy. 
After the first group of animals had 
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maintained pregnancy for one month on 
a dosage of 100 mg. of progesterone, 6 
other cows were given a dosage of 75 mg. 
of progesterone in sesame oil daily, be- 
ginning on the day of corpus luteum 
removal, which was approximately the six- 
tieth day of pregnancy. Only two preg- 
nancies were maintained (fig. 2). Cow 
037 delivered a live calf. Cow 392 main- 
tained pregnancy during the forty-three- 
day interval while receiving 75 mg. of 
progesterone daily. However, after injec- 
tions were discontinued on the 102nd day 
of this animal’s pregnancy, as part of an- 
other study, a uterine discharge of the 
macerated fetus occurred during the in- 
terval of the 125th to 138th days of preg- 
nancy. Cow 944 failed to maintain preg- 
nancy during two pregnancies (trials 944 
and 944a) on the lower dosage. Likewise, 
cow 465 failed to maintain pregnancy dur- 
ing two pregnancies (trials 465 and 465a) 
while receiving the lower dosage of pro- 
gesterone. 

Discontinuance of Injections.—The next 
trial was designed to determine whether 
injections were needed until the normal 
termination of pregnancy. Progesterone 
injections were discontinued on the 237th 
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day of pregnancy in cow 536 (fig. 4), and 
a live calf was delivered on the 273rd day. 
The length of time that progesterone injec- 
tions were given to each subsequent cow 
was progressively shortened until, in cow 
461, pregnancy was maintained when injec- 
tions were discontinued on the 162nd day. 
This cow delivered a live calf on the 272nd 
day. Lactation began in cows 461 and 069 
within one week after discontinuance of 
progesterone injections. Cow 948a was not 
given injections of progesterone after the 
137th day, and an intact fetus was aborted 
four days later. Similarly, the pregnancy 
of cow 392 was terminated after cessation 
of injections of progesterone on the 102nd 
day. Lactation also began in cows 948a 
and 392 within one week after discontinu- 
ance of progesterone injections. 

Clark* cited evidence to indicate that 
removal of the corpus luteum before the 
thirty-fifth day of pregnancy may be fol- 
lowed by ovulation and corpus luteum for- 
mation without interruption of the existing 
pregnancy. Cow 466 was used to investi- 
gate the possibility that ovulation and de- 
velopmént of functional luteal tissue might 
have occurred after removal of the corpus 
luteum at the sixty-third day of pregnancy. 
Histological examination of the ovaries of 
this animal, obtained by ovariectomy on 
the 203rd day of pregnancy, did not reveal 
functional luteal tissue. The length of 
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gestation of those cows which delivered 
live calves showed considerable variation 
(fig. 4). There was a range from 254 to 
282 days after breeding with a mean of 
267.5. 

Retained placentas occurred in 7 of 8 
cows that delivered live calves. These 8 
cows had been subjected to removal of the 
corpus luteum (fig, 4) at approximately 
the sixtieth day of pregnancy and had re- 
ceived injections of progesterone for vary- 
ing lengths of time. None were receiving 
injections at the time of parturition. His- 
tological examination of sections from the 
maternal-fetal placental attachment of 1 
cow did not reveal placentitis. Manual re- 
moval of the placentas two or three days 
after calving was extremely difficult in all 
cases and a mild endometritis followed. 


DISCUSSION 


The necessity of progesterone or pro- 
gesterone-like substances for the main- 
tenance of early pregnancy is substantiated 
by early termination of pregnancy follow- 
ing the removal of the corpus luteum from 
5 cows between the ninety-second and 163rd 
day of pregnancy. The fetus apparently 
dies within hours after the level of pro- 
gesterone in the blood drops. Courrier® 
demonstrated that the ovaries of the rab- 
bit were necessary to maintain the life 
of the fetus or placental membrane in 
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Fig. 2—Corpus luteum removal followed by daily intra-muscular injections of 75 mg. of progesterone 
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Fig. 3—Corpus luteum removal between ninety-two and 163 days after conception resulted in abortion. 


utero, but were not necessary for the 
extra-uterine growth of a fetus. If this 
condition exists in the cow, then the rapid 
termination of pregnancy in these experi- 
mental animals can be postulated to be due 
to the lack of progesterone and its ability 
to maintain the uterus in a state compati- 
ble with pregnancy. 


COW+ C.L. REMOVED 


The absorption rate of the sesame oil 
and progesterone is unknown. Apparently, 
the blood level of progesterone did not fall 
below the critical level for the life of the 
fetus during the interval between injec- 
tions in the 7 cows that received 100 mg. 
Additional work!* with progesterone micro- 
crystals in an aqueous solution* indicates 
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Fig. 4—Discontinuing progesterone injections as early as day 162 was not followed by abortion. Dis- 
continuing injections on day 137 was followed by abortion. 
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that the quantity of progesterone necessary 
may be nearer 50 mg. than 100 mg. per day. 
The difference in dosage requirements be- 
tween the two preparations may be due to a 
difference in absorption rates. No explana- 
tion can be offered for the mummification 
of the fetus of cow 946, since the pregnancy 
had been maintained for 113 days by the re- 
placement therapy. 

The data available on the 75 mg. level 
seem to indicate that the amount of pro- 
gesterone necessary for fetal viability in- 
creases slowly. This was evidenced by the 
continued viability of the fetuses for ten 
to eighteen days on this level in contrast 
to expulsion of the fetuses in four to 
eleven days in the control group. The data 
available on this level do not indicate that 
a relationship exists in which the relative 
degree of deficiency of progesterone is re- 
flected by whether the fetus is aborted or 
resorbed as suggested by Raeside and 
Turner.!§ 

The occurrence of lactation during the 
maintenance of pregnancy after early dis- 
continuance of progesterone injections in 
cows 069 and 461 (fig. 4) is in contrast to 
the occurrence of lactation with the ter- 
mination of pregnancy in cows 948a and 
392 after discontinuance of progesterone 
injections. Apparently the ovarian hor- 
mone level in the former 2 cows was high 
enough after discontinuance of proges- 
terone injections fo maintain pregnancy, 
but not high enough to inhibit pituitary 
release of lactogenic hormone. Termination 
of early pregnancy while progesterone in- 
jections were being administered was not 
followed by lactation (fig. 2). 

It appears from the subsequent earlier 
interruptions of progesterone replacement 
therapy reported in fig. 4 that in order to 
maintain pregnancy to approximately the 
end of the fifth month either the corpus 
luteum must be left intact or replacement 
therapy must be given. Dukes? described a 
cellular degeneration that occurs in the 
bovine corpus luteum during the fifth 
month of pregnancy, but without the gross 
involution which occurs in the corpus 
luteum of the mare during late pregnancy. 
It has not been demonstrated that the 
placenta elaborates progesterone except 
that Henry et al.!° found pregnandiol] in 
the urine of pregnant castrate women dur- 
ing late pregnancy. If progesterone is es- 
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sential to the maintenance of late preg- 
nancy in the cow then one may postulate 
that the placenta or some other tissue 
elaborates progesterone or a substance that 
has progesterone-like properties after in- 
jections are discontinued. 

Jafar et al.!* found in a study of 384 
Holstein-Friesian cows a mean length of 
gestation of 278.2 days with a standard 
deviation of 4.8 days. The mean length 
of gestation of 267.5 days found in this 
study suggests that a low level of pro- 
gesterone is conducive to early uterine 
contractions. 

A hormonal-cause of retained placenta 
has not been demonstrated previously. 
There is the possibility that these experi- 
mental cows were maintaining pregnancy 
with an altered balance of ovarian hor- 
mones. Experimentally - induced retention 
of the placenta warrants further investi- 
gation. 


SUMMARY 


Control cows in which the corpora lutea 
were removed between the ninety-second 
and 163rd day of pregnancy aborted 
promptly in the absence of progesterone 
replacement therapy. 

Pregnancy was maintained by the in- 
jection of progesterone in eight of nine 
cows in which the corpora lutea were re- 
moved at approximately thé sixtieth day 
of pregnancy. The mean length of gesta- 
tion of these cows was short and retained 
placentae occurred in 7 of 8 cows. 

One hundred milligrams of crystalline 
progesterone in sesame oil administered 
intramuscularly daily was necessary to 
maintain pregnancy in a high percentage 
of the experimental cows. In cows in 
which the corpora lutea had been removed, 
abortion did not occur when progesterone 
injections were discontinued as early as 
the 162nd day of pregnancy. 
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Relative Efficacy of Various Methods of Obtaining Preputial 
Samples for Diagnosis of Trichomoniasis in Bulls 


PAUL R. FITZGERALD, M.S.; DATUS M. HAMMOND, Ph.D.; 
MERTHYR L. MINER, D.V.M.; WAYNE BINNS, D.V.M. 


Logan, Utah 


THE FINDING of Trichomonas fetus in pre- 
putial samples from bulls either by direct 
microscopic examination or by culture is 
at present the most widely used method 
of diagnosis for trichomoniasis. 

Hammond, Bishop, Jeffs, and Binns' found 
that 90 per cent of 241 preputial samples from 
6 known infected bulls were positive by direct 
microscopic examination. However, Schneider? 
reported that cf 19 bulls found infected with 
trichomoniasis 11 were negative by direct ex- 
amination and were diagnosed as positive only 
by the use of cultures. There is lack of agree- 
ment among investigators as to the best method 
of obtaining preputial samples. Three methods 
are most important. The pipette method, as 
described by Hammond and Bartlett,® involves 
the use of a special pipette for obtaining a 
sample of the preputial fluid from the area of 
the glans penis. The swab method, as described 
by Morgan,‘ involves absorption of preputial 
fluid by a cotton swab wrapped arcund the end 
of a metal rod. The douche method, as de- 
scribed by Schneider,’ involves introducing 200 
ce. of saline solutfon into the sheath, external 
manipulation of the penis and sheath, drawing 
off the fluid and centrifuging. Hess® recom- 
mends the induction of sexual excitement in 
the bull immediately before sampling. It was 
the purpose of this study to determine which 
of these methods of obtaining preputial sam- 
ples is the most efficacious. 


METHODS 


Eight bulls infected with trichomoniasis 
were used in this study, which was conducted 
from June, 1950, to February, 1952. Usually, 
2 to 3 bulls were studied simultaneously. In 
the first part of the study, each of 7 bulls was 
sampled on alternate days with the pipette and 
swab methods and, in the second part of the 
study, each of 3 bulls was sampled similarly 
with the douche and pipette methods. In all 
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methods sterile equipment was used, and in 
obtaining each sample an attempt was made to 
collect material from the surface of the glans 
penis and adjacent prepuce. During the sam- 
pling procedure the bull was usually held at 
the head by an assistant. 

In the pipette method, a pipette about 55 
em. long made of 8-mm. glass tubing with a 
4-mm. opening at the end was used. Four- 
ounce rubber bulbs were used with the pipettes. 
The method of sampling was similar to that 
already described.' After collection, the sample 
was put into a graduated centrifuge tube, and 
the volume was recorded. 

In the swab method, an absorbent cotton 
swab about 6 to 8 cm. long and 1 to 2 cm. in 
diameter was fastened to the end of a 60-cm. 
steel wire about 4 mm. in diameter. A speculum 
was inserted into the orifice of the sheath prior 
to introducing the swab in order to reduce 
contamination of the sample. The swab was 
inserted as far as possible, then moved for- 
ward and backward and rotated around the 
glans penis. After removal from the sheath, 
the swab was inserted into a centrifuge tube 
containing enough (usually 0.5 to 1.0 ec.) 
saline solution to saturate the swab. Then the 
swab was rotated and pressed against the wall 
of the tube until as much fluid as possible was 
squeezed out. Rarely the swab was saturated 
upon removal from the sheath and no addition 
of saline solution was required. 

In the douche method, a pipette about 15 
cm. in length and 8 mm. in diameter was used 
with a 4-oz. rubber bulb to introduce approxi- 
mately 200 cc. of sterile normal saline solution 
into the sheath. It was necessary to insert 
the pipette into the sheath twice, because the 
bulbs were inadequate in size. Prior to this, 
the orifice was thoroughly washed with warm 
water. After introducing the fluid, one hand 
maintained closure of the orifice while the 
other hand was used to manipulate the glans 
penis through the sheath, and to a lesser extent 
the other regions of the prepuce. Then the 
fluid was allowed to drain into a 600-cc. beaker. 
This fluid was centrifuged ten minutes at 
2,000 revolutions per minute (r.p.m.) in 50-ce. 
tubes. After decanting the supernatant fluid, 
the remaining material was put into a 15-cc. 
graduated tube and centrifuged again for ten 
minutes at 2,000 r.p.m. After pouring off most 
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of the supernatant fluid, the sediment was 
mixed with the remaining fluid and the total 
recorded. 

Microscopic examination of the samples was 
conducted within a half hour of collection in 
most cases. In examining the sample, it was 
first thoroughly mixed in the centrifuge tube 
by drawing it into a pipette and expelling it 
a number of times. Then a portion of the 
sample was removed with the pipette and ex- 
amined on a hemacytometer. In the majority 
of cases, the concentration of trichomonads was 
sufficient so that only those in the ruled areas 
were counted, but in some cases it was neces- 
sary to include the entire area under the cover 
slip. In cases of negative samples, additional 
portions were checked from the bottom of the 
tube after the samples had been allowed to 
undergo sedimentation. 

In crder to determine whether the concen- 
tration of trichomonads in the preputial fluid 
is affected by sexual excitement of the bull, 
five pipette samples were obtained from each 
of 2 bulls immediately after erection of the 
penis induced by teasing with a cow, and five 
samples were obtained on alternate days from 
these bulls without prior sexual excitement. 
The trial was repeated using the douche method 
instead of the pipette method on 2 bulls. In 
each of 3 bulls, pipette samples were obtained 
on three or four occasions immediately before 
and after sexual excitement of the bull. 


RESULTS 


The results of the study of the pipette 
and swab methods are presented in table 
1. From the 7 bulls, 63 samples were ob- 
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tained with the pipette method, and 62 
were obtained with the swab method. The 
average number of trichomonads in thou- 
sands per cubic centimeters in the positive 
pipette samples was 20.6, while in the swab 
method it was 4.2. Therefore, the average 
concentration in the pipette method was 
about five times as great as in the swab 
method. In only 1 bull (6) did the con- 
centration in the two methods approach 
equality; in all the rest it was at least 
twice as great in the pipette method. There 
was less variation in the average concen- 
tration of trichomonads among the bulls 
in samples obtained by the swab method; 
the range in average concentration was 
from 0.8 to 7.8 in thousands per cubic 
centimeters, while in the pipette method 
it was 4.2 to 74.6. The percentage of nega- 
tive samples was not markedly different in 
the two methods (6.3 in the pipette method 
as compared with 8.1 in the swab method), 
but only 1 bull (7) had negative samples 
with the pipette method while 2 bulls (7 
and 3) showed negative samples with the 
swab method. 

The results of the study of pipette and 
douche methods are shown in table 2. From 
the 3 bulls a total of 119 samples was ob- 
tained with each method. The average num- 
ber of trichomonads in thousands per cubic 
centimeters in positive samples obtained 
by the pipette method was 7.1; the corre- 
sponding figure for the douche method was 


TABLE |—Comparison of Results of Pipette and Swab Methods of Obtaining Preputial Samples 
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13.5. In 1 bull (5) the number was about 
three times greater in the douche method; 
however, in another bull (8) the average 
concentration was about twice as high in 
the pipette method as in the douche method 
and in the third bull (7) the average con- 
centration was nearly equal in the two 
methods. Therefore, the two methods do 
not appear to differ markedly with respect 
to concentration of trichomonads in posi- 
tive samples. The average percentage of 
negative samples was 34.4 for the pipette 
method and 18.5 for the douche method. 
The number of negative samples was higher 
for each bull in the pipette method, al- 
though in 1 bull (8) it was only slightly 
higher. Since the rate of occurrence of 
negative samples was lower in the douche 
method, this method was more efficacious 
than the pipette method in demonstrating 
trichomonads in this study. 

In bull 8 in which the percentage of 
negative samples was relatively high, the 
samples usually contained much pus, ap- 
parently as a result of bacterial infection. 
Cultures from the sheath of this bull 
showed Micrococcus pyogenes and Pseudo- 
monas aeruginosa. 

The results of the tests of influence of 
sexual excitement on concentration of trich- 
omonads in the preputial samples are shown 
in table 3. In the total of 30 samples taken 
without previous sexual excitement of the 
bull, there was no marked difference in 
either number of negative samples or aver- 
age concentrations of trichomonads as com- 
pared with the 30 samples taken after 
sexual excitement. In the samples taken 
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on alternate days, only one negative sample 
occurred and it was taken by the pipette 
method without prior excitement. In 1 bull 
(5) there was a distinctly higher average 
concentration of trichomonads in the sam- 
ples taken after excitement. 

In the samples taken with the pipette 
method immediately before and immedi- 
ately after sexual excitement of the bull 
there were 2 cases, in bulls 6 and 7, in 
which the first sample was negative while 
the corresponding second sample was posi- 
tive. Except for these 2 cases the concen- 
tration of trichomonads was lower in the 
samples taken after excitement than in the 
corresponding samples taken before excite- 
ment. 


DISCUSSION 


In the pipette method, fluid from the 
areas of the preputial cavity most likely 
to harbor trichomonads is obtained and 
examined directly without dilution. In the 
swab method, fluid and cellular material 
from the same areas are absorbed by the 
swab and this must then be pressed out 
of the swab, usually involving dilution of 
the sample with saline solution. It is likely 
that some trichomonads with other cellular 
material remain in the swab, thus reducing 
the concentration in the sample. These 
factors are responsible, at least in part, 
for the marked difference in average con- 
centration of trichomonads in samples ob- 
tained by the pipette and swab method, 
and for the less marked difference in oc- 
currence of negative samples. 

In the douche method, preputial fluid 
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and cellular material is washed out of the 
sheath in saline solution and the cellular 
material is separated from the fluid by 
centrifuging. Since manipulation during 
the washing process is directed especially 
toward the region of the glans penis, pre- 
sumably secretion and cellular material 
from this area is well represented in the 
sample. In this method, the quantity of 
sample is considerably greater than in the 
other methods (average 2.3 cc. sediment, 
as compared with 0.51 cc. fluid in the 
pipette method). This greater quantity of 
sample is usually not of any particular 
value in direct examination but may be 
advantageous in the use of cultures. The 
results of the present study indicate that 
there is no marked difference in average 
concentration of trichomonads obtained by 
the pipette and douche methods. This is 
an indication that the sediment obtained 
in the douche method has a concentration 
of trichomonads similar to that of the pre- 
putial fluid in the pipette method. How- 
ever, the rate of occurrence of negative 
samples is lower in the douche method than 
in the pipette method, according to the 
present study. If conclusions can be drawn 
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TABLE 3—Results of Tests of Influence of Prior Sexual Excitement of the Bull on Preputial Samples 


Samples obtained on alternate days 


from such a limited number of bulls, the 
results indicate that the douche method is 
more efficacious in demonstration of tricho- 
monads when these are at a low level of 
concentration in the preputial cavity. This 
may indicate that material containing 
trichomonads is washed out of recesses in 
the mucosa by the douche method. 

The concentration of trichomonads in 
preputial samples is of importance in that 
it influences the accuracy and ease of diag- 
nosis. The rate of occurrence of negative 
samples in an infected bull indicates the 
accuracy of the method involved. These 
two factors were considered of most im- 
portance in determining the relative efficacy 
of the methods under study. 

Other factors, such as simplicity and 
amount of time required, are also of im- 
portance in selection of the best method 
for diagnosis. The pipette method is prob- 
ably the simplest, since undiluted preputial 
fluid is directly examined. The disadvan- 
tages with this method is that the pipette 
is occasionally broken inside the prepuce 
with the possibility of causing wounds. 
This disadvantage could be avoided if a 
satisfactory pipette made of a plastic ma- 


With prior excitement 


No. of samples 

Ave. cc. of fluid 

or sediment 

Ave. No. T. fetusin | 


Bull No. 


| No. of neg. samples 


| thous. per ce. 


with pipette method 
& 5 
7 


Average 5 


| 
| 


Samples obtained on alternate days with douche method 


0.94 
0.86 0 
0.90 


Samples obtained with pipette method immediately before 


5 5 
7 5 
Average 5 


and after excitement 


Average 


30 


Total 
Average 


*Average number in positive samples. 


7 4.80 0.84 3.00 
§ 5 0.49* 0.60 0 0.36 
Average 5 2.60* Po 0.72 ad 1.68 
5 5 11.0 32.2 
7 5 6.9 0.94 0 9.7 
Average 5 8.9 0.79 is 20.9 
7 ‘ 0.50 1 7.4¢ 7 4 0.64 1 0.7* 
8 3 0.56 0 1.6 8 3 0.52 2 0.1* 
3.3 0.53 6.8* 3.3 0.63 2.3° 
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terial were available. The swab method 
is less direct than the pipette method but 
may be preferred where a pipette is likely 
to be broken. Occasionally, the cotton swab 
may become detached from the steel wire 
while it is in the prepuce and when this 
happens it is difficult to obtain a good sam- 
ple. The douche method requires more 
equipment and time than either of the 
other two methods. It is suitable only when 
the examination of the samples is to be 
made under laboratory conditions, while 
the other two methods may be used in the 
field. 

The use of a bottle, flutter valve, and 
tubing for introducing the saline solution 
into the sheath and for receiving the sample 
as recommended by Harding,® and in a 
modified form by Florent,’ is less advan- 
tageous than the rubber bulb and pipette, 
in the opinion of the authors. It was found 
that gravity flow of the saline solution into 
the sheath was somewhat slow and un- 
certain, as was the return flow into the 
bottle. 

Hess® reported that the mucous fluid in 
the preputial cavity contains considerably 
more trichomonads after an infected bull 
undergoes an erection of the penis than 
before, because trichomonads, along with 
cellular detritus and secretion, are thereby 
pressed out of the recesses in the mucosa. 
He, therefore, uses a cow to bring about 
an erection of the bull immediately before 
collecting a preputial sample by a douche 
method. 

The small number of tests on the in- 
fluence of sexual excitement on the con- 
centration of trichomonads in the preputial 
samples included in the present study indi- 
cates that in some bulls the concentration 
of trichomonads is sometimes increased by 
inducing an erection of the penis imme- 
diately before collecting the sample. How- 
ever, the procedure involves additional time 
and difficulties in handling bulls, and its 
use is not ordinarily justified, in the opinion 
of the authors. 

It is notable that the occurrence of nega- 
tive samples was much less frequent in the 
first part of the study than in the second. 
In the first part of the study, the percent- 
age of positive samples (93.7 with pipette, 
91.4 with swab) compares favorably with 
* that in a previous study! (90). The per- 
centage of positive samples was consider- 
ably lower than this in the second part of 
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the study (65.6 with pipette, 81.5 with 
douche). This difference may be explained 
in part by the presence of the bull (8) 
with pus-filled samples in the second part 
of the study. As in 1 bull in the previous 
study,! this condition was associated with 
a relatively high occurrence of negative 
samples. 

During the latter part of the present 
study, cultures of most of the samples ob- 
tained by the: pipette and douche method 
were made. The results of the work with 
cultures will be presented in a later paper. 


SUMMARY 


1) Seven bulls infected with bovine 
trichomoniasis were examined on alternate 
days with the pipette and swab methods 
of obtaining preputial samples. The con- 
centration of Trichomonas fetus in the 
samples was estimated with the aid of a 
hemacytometer. The average number of 
trichomonads in thousands per cubic centi- 
meter in 63 samples obtained by the pipette 
method was 20.6; for the 62 samples ob- 
tained by the swab method it was 4.2. The 
percentage of negative samples was 6.3 for 
the pipette method, with only 1 bull show- 
ing negative samples; for the swab method 
it was 8.1 with 2 bulls having negative 
samples. 

2) Three infected bulls were examined 
on alternate days with the pipette and 
douche methods of obtaining preputial 
samples. The average number of tricho- 
monads in thousands per cubic centimeter 
in 119 samples obtained by the pipette 
method was 7.1; for 119 samples obtained 
by douche method it was 13.5. However, 
in 1 of the bulls, the average concentration 
was markedly greater in the samples ob- 
tained by the pipette method, and in an- 
other bull the average concentration in the 
two methods was about equal. The average 
percentage of negative samples was 34.4 
for the pipette method, while it was 18.5 
for the douche method. 

3) Limited tests indicate that induction 
of sexual excitement in the bull immedi- 
ately prior to sampling is not ordinarily 
worthwhile in routine diagnosis. 

4) The results of this study indicate 
that the douche method is more efficacious 
than the pipette or swab method for ob- 
taining preputial samples in the diagnosis 
of bovine trichomoniasis, and should be 
the method of choice when samples can be 
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collected and examined in the laboratory. 
The results also indicate that the pipette 
method is more efficacious than the swab 
method and when samples must be exam- 
ined in the field the pipette method is 
usually preferable. 
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The Role of the Milking 


Process in the Intraherd 


Transmission of Q Fever Among Dairy Cattle 
HERBERT G. STOENNER, D.V.M.; 


Hamilton, 


IN EARLY experimental studies of Q fever 
in cattle, certain observations suggested 
that this disease in the bovine species was 
merely a local infection of the mammary 
gland. 

In 1947, Parker et al. exposed 4 heifers to 
large doses of Coviella burnetii by intranasal, 
intravenous, and intravaginal inoculation, and 
by feeding contaminated bran. As determined 
by criteria available at that time, all 4 remained 
refractive to their respective routes of ex- 
posure. Following the recovery of C. burnetii 
from milk of naturally infected dairy cattle,’ 
the disease was reproduced in 2 lactating cows 
by inoculation via the teat canal and by in- 
jecting the rickettsia (Nine Mile strain) into 
the mammary gland substance.' These cows 
developed complement-fixing antibodies against 
C. burnetii and continued to shed Q fever 
rickettsias in their milk for variable periods of 
time. Milk of uninoculated quarters remained 
free of C. burnetii. Furthermore, blood, urine, 
feces, and nasal secretions of these cows were 
tested on numerous occasions and determined 
to be noninfectious for guinea pigs. 

In another experiment,®: * which was planned 
primarily to study the symptomatology and 
pathology of bovine Q fever, 4 cows were in- 
oculated with large doses of a California strain 
of C. burnetii, each via the teat canal of two 
quarters. All 4 cows became infected and shed 
rickettsias in milk of inoculated quarters. 
This massive exposure resulted in the produc- 
tion of a rickettsiemia during the first five 
days after exposure. Although infectious blocd 
circulated through the tissues of uninoculated 
quarters, only one quarter became infected and 
shed rickettsias from the seventh to sixtieth 
day postinoculation. In this case, it was un- 
certain that this represented a _ localization 
from the blood stream, as the teat of this 
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quarter was undoubtedly contaminated during 
milking; thus, entrance of rickettsias via the 
teat canal could not be excluded. 

These cows were salughtered on the fifth, 
eleventh, twenty-second, and sixty-third days 
postinoculation. Tests of tissues revealed that 
C. burnetii persisted only for a brief period 
in organs other than the mammary gland and 
its regional lymphatics. The regularity with 
which infection could be produced by the in- 
jection of relatively large doses into the mam- 
mary gland, its brief persistence in extra- 
mammary tissues, and the exceptional occur- 
rence of infection in uninoculated quarters of 
infected cows suggested that the disease might 
be a local infection of the mammary gland. 
From this evidence, it was postulated that 
natural infection was acquired by entrance of 
the organism through the teat canal. The 
milking process could be an important factor, 
as with streptococcal mastitis, in the dissemina- 
tion of C. burnetii among dairy cattle. 

This thesis was further supported by cbser- 
vations on naturally infected dairy cattle in 
California.” ° In early tests of herds, serological 
evidence of infection was never found among 
bulls or heifers but only in the serum of mature 
cows with functional mammary glands. The 
absence of clinical illness and the failure to 
recover C. burnetii from blood, feces, and urine 
of cows shedding rickettsias in their milk sug- 
gested to these workers the probability of a 
local infection of the mammary gland with 
C. burnetii2 

In the late spring of 1949, an experiment 
was initiated to test the possibility of cow-to- 
cow spread through the milking process. After 
several months of repeated exposure during 
the milking process, it became apparent that 
transmission, if possible, would be difficult. 
Other experiments, concurrently conducted, 
yielded evidence indicating that the disease in 
cattle was more than a mere local infection 
of the mammary glands. Following intra- 
dermal inoculation of a pregnant cow,’ C. 
burnetii was recovered from the milk and 
placenta. Exposure of another pregnant cow 
by the inhalation of an infectious aérosol spray 
resulted in a localization of infection in the 
placenta without an infection of the udder. 
Intradermal inoculation of calves resulted in 
demonstrable rickettsiemia and subsequent pro- 
duction of complement-fixing antibodies against 
C. burnetii. Further studies by Luoto and 
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Huebner’ in Southern California revealed that 
the placentas of naturally infected cattle fre- 
quently contained C. burnetii, some in high 
concentration. Thus, from accumulated evi- 
dence, the disease appeared to be that of a 
generalized infection with localization in the 
pregnant uterus and mammary gland. 

Although the data discussed in the preceding 
paragraph indicated that Q fever in cattle was 
not a local infection of the mammary gland, 
the experiment was continued to evaluate the 
possibility of infection by contamination of 
the teats during the milking process. Since 
many serologically positive cows continue to 
shed Q fever rickettsias in their milk for ex- 
tended periods, infectious milk represents a 
most constant source of infection. Further- 
more, the fact that C. burnetii infection in 
cattle was not restricted to the udder did not 
preclude the teat canal serving as a portal 
of entry for this disease. 


MATERIALS AND METHODS 


In this experiment, 5 cows were exposed to 
C. burnetii by repeatedly dipping their teats 
in milk containing Q fever rickettsias. These 
cows were procured from two dairies located 
in the vicinity of Hamilton, Mont. Comple- 
ment-fixation tests on cattle serums collected 
in this area have not revealed evidence of 
natural Q fever infections.* Prior to purchase, 
all cows were tested and determined to be free 
of tuberculosis, brucellosis, and Q fever. The 
herd from which cows 25, 26, and 27 were pro- 
cured was tested and found to be free of these 


TABLE |—Age, Breed, Lactation, 


diseases. Cows 20 and 21 were taken from a 
herd which was free of Q fever and tuberculcsis 
but contained a few suspicious reactors for 
brucellosis. These were animals that had been 
vaccinated as adults two years previously when 
brucellosis was diagnosed in the herd. At the 
time of purchase, the serum of cow 20 con- 
tained no agglutinins against Brucella, whereas 
a partial agglutination in a 1: 50 dilution was 
detected in the serum of cow 21. During the 
experiment, the milk and placentas of these 
2 cows were inoculated into guinea pigs and 
cultured for Brucella and no evidence of 
brucellosis was ever found. Data regarding 
age, breed, lactation, breeding, and calving 
dates, in relation to exposure periods are pre- 
sented in table 1. 

The anatomic features of the mammary 
glands of these cows were typical of the aver- 
age grade dairy cow. Each had a medium- 
sized udder which was well attached and sup- 
ported. The teat canals of cow 20 were rather 
large and permitted easy milking. The epi- 
thelium surrounding the teat orifices of this 
cow was roughened. With the exception of 
constricted. teat canals on the fore quarters 
of cow 27, teats of the other cows were normal, 
with intact sphincters. 

Cows were stanchioned in small individual 
isolation barns separated from each other by 
approximately 25 feet. Each barn was equipped 
with the cleaning tools, watering buckets, and 
other necessary equipment, to minimize the 
possibility of transferring infection from cther 
cattle. Manure and bedding, which were re- 
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Exposure Periods 
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Age at start 
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6/20/49 
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Jersey 5/17/49 


727 
7/5/49 
to 
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1/27/50 
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period) 
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moved daily, were incinerated to prevent en- 
vironmental contamination. Urine and floor 
washings were drained into underground sumps. 
Good quality alfalfa hay was fed free-choice; 
a grain supplement, consisting of equal parts 
of ground oats and barley, was fed according 
to milk production. All cows were hand-milked. 
Sterile rubber gloves were worn for personal 
protection, and also to preclude contamination 
of teats with C. burnetii, other than the meas- 
ured amounts contained in the milk used for 
exposure. 

For sake of clarity, the experiment will be 
discussed in two phases, namely, A and B. 
Throughout both phases, the follecwing pro- 
cedures were employed: 

1) Just prior to experimental use, serums 
of these cows were again tested for complement- 
fixing antibodies against C. burnetii to insure 
the use of normal cattle; in addition, blocd and 
milk of each cow were tested for the presence 
of C. burnetii by injection into guinea pigs. 

2) At the morning milking, quarter milk 
specimens (fore milk) were collected in 2-oz. 
screw-top Vials, three times weekly, on Monday, 
Wednesday, and Friday. Prior to the collection 
of milk specimens, the udder was washed with 
a 1: 5,000 aqueous dilution of roccal (a mixture 
of alkyl-dimethyl benzyl ammonium chloride*) 
and then sponged free of excess antiseptic 
solution. At other milkings, the udders were 
not washed before milking. During phase B, 
after May 24, 1950,-milk specimens were ob- 
tained without the preliminary washing of 
the udder with antiseptic solution. This was 

*Roceal, Winthrop Chemical Co., 
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done to eliminate any possible factors which 
might interfere with the process of infection. 
Milk specimens were refrigerated (40 F.) im- 
mediately after collection and were processed 
within an hour. A portion of each specimen 
was frozen (—40 F.) in the event further test- 
ing was necessary. 

3) All milk specimens were 
detection of bacterial pathogens by surface 
plating 0.1 ml. of milk on one-half of the 
surface of a bovine blood-agar plate and, also, 
a cell count was made on each quarter speci- 
men, employing the Breed method.’ 

4) At weekly intervals, serums of these 
cows were tested for complement-fixing anti- 
bodies against C. burnetii, employing the 
method originally used by Plotz.” 

5) Once weekly, individual quarter milk 
specimens were tested for the presence of C. 
burnetii by injecting each of 2 guinea pigs 
intraperitoneally with 5 ml. of milk. Approxi- 
mately thirty days later, guinea pigs were bled 
and their serums were tested for complement- 
fixing antibodies against C. burnetii. The pres- 
ence of complement-fixing antibodies in the 
serum of either or both guinea pigs indicated 
the presence of C. burnetii in the specimen 
injected or evidence of spontaneous infection. 
Duplicate frozen specimens of those which 
yielded positive results on initial injection 
were retested in 3 guinea pigs for confirma- 
tion. A negative confirmatory test indicated 
that the complement-fixing antibodies in serums 
ef the guinea pigs of the original test resulted 
from spontaneous infection rather than from 
any C. burnetii contained in the specimens 
tested. 

Phase A of this experiment extended from 


cultured for 


TABLE 2—Results of Inoculation of Cows 12 and 24 with Streptococcus Agalactiae and 
Coxiella Burnetii 
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strain 16 
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Strain K 


Strain T 15 


Cow 24 
3-yr.-old 
Holstein- 
Friesian 


Inoculated with 
C. burnetii, 
strain 16 

July 10, 1950 


Inoculated with 
Str. agalactiae 
July 24, 1950 
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Days postinoculation 


N Nt P 
N Nt P 


+ Minimal infectious guinea pig doses. + = contained C. burnetii as determined by injection 


into guinea pigs. O - 


contained no C. burnetii as determined by injection into guinea pigs. P = 
Str. agalactiae isolated by blood-agar culture. N = No Str. agalactiae isolated. 
ment of 50,000 units of penicillin in 10 ml. saline. 


* = single treat- 
t = inoculated with Str. agalactiae. 
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May 6, 1949, to Jan. 27, 1950. The periods of 
exposure for each cow are given in table 1. 
Cows were exposed five times a week, at the 
evening milking, by immersion of the teat 
ends in a 50-ml. beaker containing approxi- 
mately 25 ml. of infectious milk. During the 
first part of the experiment the teats were 
dipped just prior to milking; however, after 
Sept. 13, 1949, teats were exposed both before 
and after milking to increase the chances of 
infection. Two pools of infectious milk were 
prepared from milk of cows experimentally 
infected with a California strain of C. burnetii 
(strain 16). This milk was frozen in 25-ml. 
quantities and thawed just prior to use. Blood- 
agar cultures of these two pools did not yield 
bacterial pathogens capable of causing mastitis. 
Based on an average of three different titra- 
tions, pool 1 contained approximately ten mini- 
mal infectious quinea pig (M.I.G.P.) doses / ml., 
whereas pool 2 contained approximately 1,000 
M.1.G.P. doses / ml. (average of two titrations). 
Once weekly, guinea pigs were injected with 
the infectious pool milk which remained after 
exposure of the ccews. All guinea pigs which 
received this pool milk regularly developed com- 
plement-fixing’ antibodies against C. burnetii. 

Phase B of this experiment extended from 
May 1, 1950, to Sept. 16, 1950. About three 
months elapsed between phases A and B to 
permit any Q fever infection which may have 
been contracted from the latest exposures to 
develop and be recognized. Inasmuch as all 
5 cows remained refractive to infection during 
phase A, an attempt was made to determine 
whether concurrent bacterial mastitis in- 
fluenced susceptibility to Q fever and also to 
determine whether these particular cows were 


susceptible to streptococcic mastitis by this 
route. 

Two cows, 12 and 24, which were experi- 
mentally infected with C. burnetii and Strep- 
tococcus agalactiae, served as a source of in- 
fectious milk. Both of these cows had been 
used in previous transmission experiments by 
other than the intramammary route. By all 
available criteria, neither had become infected. 
Just prior to inoculation, neither of these cows 
possessed complement-fixing antibodies against 
C. burnetii. Furthermore, preinoculation speci- 
mens of blood and milk were noninfectious for 
guinea pigs. Each cow was infected with C. 
burnetii by injecting 1 ml. of varying dilutions 
(see table 2) of a yolk sac culture (California 
Q fever, strain 16), via the teat canal, into the 
teat cistern of each quarter. Two strains of 
Str. agalactiae, which were procured from Dr. 
R. A. Packer, Iowa State College, Ames, were 
used to infect these cows. Fermentation re- 
actions of both strains were typical. 

Strain K formed acid from lactose, sucrose, 
and trehalose, but not from mannite, salicin, 
inulin, aesculin, sorbitol, and raffinose. Strain 
T15 was similar, with the exception that salicin 
was fermented. Both strains hydrolyzed sodium 
hippurate and acidified and coagulated litmus 
milk. 

The right front quarter of each cow was 
infected by inoculation with 1 ml. of a 48-hour 
tryptose broth culture of strain K via the teat 
eanal; the right rear quarter of each cow was 
infected in a similar manner with strain T15. 
Other pertinent data regarding the inoculation 
of these 2 cows are presented in table 2. 

Milk from cow 12 was used for exposure of 
test cows from May 1 (27th day postinoculation 


TABLE 3—Results of Tests for the Presence of C. burnetii in Milk Specimens from Five Exposed Cows 


RF RR 
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infection neg. 
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0 
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26 0 
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" *Specimens positive on initial injection but negative on retest. 
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with C. burnetii) to July 24, 1950, and milk 
from cow 24 was used from July 25 (15th day 
postinoculation with C. burnetii) to Sept. 16, 
1950 (see table 2). Milk used for exposure, 
which consisted of a pool of aliquot quantities 
(100 ml.) from each quarter, was obtained at 
the same milkings the exposures were made. 
Cows were exposed in a manner and rate sim- 
ilar to that described for phase A. Once weekly, 
the pooled milk in which the teats of the 5 
cows had been dipped was tested for the pres- 
ence of C. burnetii; blocd-agar cultures of these 
specimens were also made to obtain an approxi- 
mation of the number of Str. agalactiae in the 
exposure milk. During the period of exposure 
to milk of cow 12, all exposure specimens from 
the beginning through the sixty-fifth day reg- 
ularly contained C. burnetii. By titration it 
was determined that the milk used for ex- 
posure on May 18 and June 14, 1950, contained 
respectively 100 M.I.G.D./ml1.** and 10 
M.1.G.P.D./ml. The number of Str. agalactiae 
/ml. of exposure milk of cow 12 varied from 
600 to 40,000 with a mean of 13,900. Only the 
first pooled milk specimen of cow 24, which 
was tested on the second day of this exposure 
period, was infectious for guinea pigs. The 
streptococcic content of the pooled expesure 
milk of cow 24 varied from 210 to 100,000/ml. 
with a mean of 35,000. Unfortunately, cow 24 
ceased shedding C. burnetii shortly after in- 
oculation. Since resuits of infectivity tests 


**The rickettsial content of the highest dilution 
infecting 50 per cent or more of the guinea pigs 
is one minimai infectious guinea pig dose. 


are not known until thirty-six to forty days 
after injection of specimens into guinea pigs, 
the milk of cow 24 was used for some time 
before its noninfectious nature was determined. 
During phase B, milk specimens from the ex- 
posed cows were tested for infectivity (C. 
burnetii) once every two weeks. Instead of 
testing individual quarter specimens, as was 
dene in phase A, aliquot portions of the milk 
from the right front and right rear quarters 
and the left front and left rear quarters were 
pooled, and each pool injected into 2 guinea 
pigs. 


RESULTS 


None of the 5 cows became infected with 
C. burnetii. Weekly complement-fixation 
tests of the serums of these cows collected 
during the periods of exposure were con- 
sistently negative. After exposure was 
terminated, cattle were bled once monthly 
for four months; none of these serums 
contained complement - fixing antibodies 
against Q fever. As noted in table 3, all 
tests for the presence of C. burnetii in the 
milk of these exposed cows were negative, 
except on seven occasions. Retest of frozen 
duplicate portions of these specimens failed 
to confirm the original positive results; 
hence, the first positive results probably 
represented spontaneous infections. On nu- 
merous occasions, frozen milk specimens of 
infected cows were retested and confirma- 


TABLE 4—Leukocyte Counts of Quarter Milk Specimens of 5 Cows During Phase A Period of 


Exposure, Excluding Those Made the First Two Weeks and Last Two Weeks of Lactation 


No. counts No. counts 
below 

Quarter 200,000/ml. 

RF 

RR 

LR 

LF 


RF 
RR 
LR 
LF 


RF 
RR 
LR 
LF 


of 200,000/ml. 
and greater 


Bacterial pathogen 
respectively 
associated 


Periods 
of elevated 
leukocyte count 


WHS, WHS 
0 


lst WHS 

1st none 
1st, 2nd MHS, MHS 

1st MHS 


NHS = Nonhemolytic staphlococcus. MHS = Mixed culture of hemolytic and nonhemolytic 


staphylococcus. HS = Hemolytic 


staphylococcus. 


WHS = Weakly hemolytic staphylococcus. 


i No. 
- ‘ 
i 20 0 
| 0 
0 
bY 21 110 0 0 
110 0 0 
110 0 0 
110 0 0 
25 86 0 0 
86 0 0 | 
83 3 Ist, 2nd | 
86 0 0 
26 RF 110 0 0 0 
RR 110 0 0 0 
LR 110 0 0 0 
LF 110 0 0 0 
27 RF 85 1 
RR 85 1 
LR 77 9 
LF 84 2 
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tory results were obtained. Therefore, if 
any of the seven specimens actually con- 
tained C. burnetii, they would have re- 
mained viable while frozen and caused Q 
fever infection when retested in guinea 
pigs. 

The milk leukocyte count was considered 
a major criterion of the health of the 
mammary gland. During phase A, mam- 
mary glands of cows 20, 21, and 26 re- 
mained in excellent condition. Milk leuko- 
cyte counts of samples from cows 25 and 
27 reflected mild attacks of staphylococcic 
mastitis on several occasions (see table 4). 
Recovery from these attacks was spon- 
taneous without antibiotic therapy. 

During phase B, cows 20, 25, and 27 
acquired streptococcic mastitis, each in 
only one quarter (see table 5). Strepto- 
coccus agalactiae was first recovered from 
these cows on the thirty-first day, twenty- 
eighth day, and thirtieth day, respectively, 
after the first day of exposure. 

During the first week of July, 1950, a 
tumor-like growth in the teat cistern of 
the right rear quarter of cow 20 became 
apparent. This increased in size so that 
it occluded the teat canal. By July 12, it 
became necessary to catheterize the teat 
to evacuate the quarter. The teat was 
cleansed and painted with merthiolate prior 


to catheterization. After this date, this 
teat was dipped in infectious milk only 
after completion of milking. Although it 
can not be compared with the more natural 
infections caused in cows 25 and 27, both 
C. burnetii and Str. agalactiae had equal 
opportunity to invade this quarter. 

The streptococcic infections in the udders 
of cows 20 and 27 were permitted to pro- 
gress and persisted throughout the period 
of exposure. However, the streptococcic 
infection in the left rear quarter of cow 
25 resulted in such an acute mastitis on 
the tenth day of infection that treatment 
became necessary to prevent loss of the 
quarter. This occurred also in the case of 
the right rear quarter of cow 12 (see table 
2); on the forty-second day after inocula- 
tion, an acute attack became so severe that 
treatment was necessary. 


DISCUSSION 


Since only 5 test cows were used, the 
significance of the preceding data is limited 
somewhat. Although natural conditions 
were not fully duplicated, the results of 
this experiment suggest that the teat canal 
is not a portal of entry for C. burnetti 
infection in dairy cattle. As these cows 
were stanchioned in isolation barns, they 
were not subjected to teat injuries and 


TABLE 5—Leukocyte Counts of Quarter Milk Specimens of 5 Cows During Phase B Period of Exposure, 


Excluding Those Made the First Two Weeks and Last Two Weeks of Lactation 


No. counts 
of 200,000/ml. 
and greater 


No. counts 
below 
200,000/ml. 


bo 


Periods 
of elevated 
leukocyte count 


Bacterial pathogen 
respectively 
associated 


0 
HS, NHS, SA 


0 
1st, 2nd, 3rd 


NHS 
MHS, SA 
MHS, MHS 
NHS 


NHS = Nonhemolytic staphylococcus. MHS = Mixed culture of hemolytic and nonhemolytic 
staphylococcus, HS = Hemolytic staphylococcus. SA = Streptococcus agalactiae. 


= 
Cow 
No. Quarter 
RR 26 
LR 54 0 0 
LF 54 0 0 
21 RF 32 0 0 
RR 32 0 0 
LR 32 0 0 
, LF 32 0 0 
25 RF 51 Ist NHS 
RR 48 Ist MHS 
LR 29 Ist, 2nd HS, SA 
LF 40 Ist NHS 
26 RF 52 0 0 
RR 52 0 0 
LR 52 0 0 
LF 52 0 0 
27 RF 45 [st 
RR 7 Ist, 2nd 
LR 52 Ist, 2nd 
LF 53 [st 
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trauma which may be predisposing factors 
to the infection by this route. However, 
the degree of exposure to which these cows 
were subjected probably ‘exceeds that which 
would occur in hand-milked cows on natu- 
rally infected dairies. The infectious titer 
of the pools of milk used is about com- 
parable to that of naturally infected milk 
which rarely contains an excess of 1,000 
M.1.G.P.D./ml. (The milk of cows experi- 
mentally infected by extra-mammary routes 
has been found to contain a maximum of 
100 M.I.G.P.D.) During phase B, condi- 
tions present in naturally infected herds 
were more closely simulated, since the daily 
milk of 2 infected cows was used. Thus, 
exposed cows were subjected to any possi- 
ble marked fluctuation in the infectivity of 
exposure milk, which may not have been 
detectable by occasional titration. The 
amount of infectious milk deposited on the 
teats of these cows also exceeds that which 
may be carried from cow to cow on the 
hands of milkers. 

These cows were exposed to Str. aga- 
lactiae in order to determine their suscepti- 
bility to a disease whose portal of entry 
is the teat canal, and also to ascertain 
whether a concurrent bacterial mastitis 
would influence susceptibility. Because of 
variables, such as age of cow, strain of 
Str. agalactiae, method of exposure, it is 
impossible to compare the results of this 
experiment with those of other investiga- 
tors.1!-16 It is felt that the method of ex- 
_ posure to Str. agalactiae more closely dupli- 
cates natural conditions than many used 
by previous investigators. The fact that 3 
of the 5 cows became infected with mastitis 
streptococci indicates that the anatomic 
and physiological features of these cows 
permitted such infection and, presumably, 
they could be susceptible also to infection 
with C. burnetti via this route. 

During the first part of the experiment, 
the udders of the cows were washed with 
a 1: 5,000 aqueous dilution of roccal before 
samples were taken. This was done to 
reduce bacterial contamination during sam- 
pling. At the time this procedure was discon- 
tinued, it was thought that residual roccal 
remaining on the teats could interfere 
with infection. Tests of the rickettsiacidal 
activity of roccal conducted at a later date 
indicate that such interference was im- 
probable. A 1: 2,500 dilution of roccal in 
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saline was mixed with an equal volume of 
a saline suspension of C. burnetii (1: 500 
dilution of a yolk sac culture of a Cali- 
fornia strain) and incubated at 40 and 
98 F. At 98 F., C. burnetii survived for 
five hours but not for twenty-four hours, 
whereas, at 40 F. it survived for 112 hours, 
the longest exposure period tested. Under 
similar conditions, C. burnetii survived ex- 
posure to roccal in sterile skimmilk kept at 
both 40 and 98 F. for 112 hours, the longest 
period tested. These tests indicated that 
milk interferes with the activity of roccal. 
Thus, the rickettsiacidal activity of any 
residual roccal remaining on the teats 
would probably be insignificant. 

The influence of pregnancy upon sus- 
ceptibility of cattle to Q fever has not been 
determined. If stage of pregnancy affects 
susceptibility, adequate opportunity for 
such influence was afforded, since the 5 
cows were exposed during all stages of 
pregnancy (see table 1). The long period 
of exposure also provided an opportunity 
for any possible predisposing factors, as 
yet unrecognized, to exert their influence 
in permitting infection via the teat canal. 
In spite of the regularity with which in- 
fection can be produced by injection of 
massive doses of C. burnetii into the udder, 
it is improbable that the teat canal is a 
portal of entry for natural Q fever infec- 
tions in dairy cattle. 


SUMMARY 


Five cows, which were repeatedly ex- 
posed to Coziella burnetii by dipping their 
teats in infectious milk, remained refrac- 
tive to infection. These cows were then 
exposed to milk containing both C. burnetii 
and Streptococcus agalactiae. Three of the 
5 contracted streptococcic mastitis, whereas 
all remained refractive to infection with 
Q fever rickettsias. These results suggest 
that natural Q fever infections in dairy 
cattle are not acquired by entrance of Q 
fever rickettsias through the teat canal. 
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LITERATURE 

Larsen et al' reported on in vitro studies of 
streptomycin, 4—aminosalicylic acid, promin, 
pentamidine isethionate, and stilbamidine diise- 
thionate against Mycobacterium paratubercu- 
losis and found streptomycin to inhibit develop- 
ment in low concentrations. Streptomycin was 
then administered to 4 cattle showing clinical 
evidence of paratuberculosis. These animals 
after showing a short period of improvement 
subsequently died of the disease or were de- 
stroyed as incurable. 

Since that report was published, several 
new agents for the treatment of tuberculosis 
and leprosy have received considerable atten- 
tion, and it was considered desirable to select 
several of these products for in vitro studies 
of their activity against M. paratuberculosis. 
In addition to the in vitro studies, 1 bovine 
animal in an advanced stage of Johne's dis- 
ease was treated with one of the products. 
Studies were made on the following: viomycin, 
4:4’ diamino diphenyl sulfone, and four dif- 
ferent thiosemicarbazones (table 1). It is not 
within the scope of this paper to review the 
extensive literature on these agents so only a 
brief description is presented. 4: 4’ diamino 
diphenyl sulfone, which is the parent nucleus 
of the sulfones, was selected because of the en- 
couraging results obtained in the treatment of 
leprosy. Thiosemicarbazone therapy of tuber- 
culosis has been extensively utilized in Ger- 
many** and has also received limited use in 
the treatment of leprosy.” Viomycin, a new 
antimicrobial agent isolated from broth cul- 
tures of Streptomycin puniceus,” was also in- 
cluded, since it has a pronounced suppressive 
effect on tuberculosis both in vitro and in 
vivo’ and is of relatively low toxicity. 

In Virro STUDIES 

These studies were made on a liquid medium 
prepared, sterilized, and inoculated with strain 
18 M. paratuberculosis in the same manner as 
previously described.! Seven days after inocula- 
tion flasks with uniform growth were selected 
for the titrations. The thiosemicarbazones are 
not all readily soluble in aqueous solution so 
they were dissolved in the proportion of 0.5 
Gm. of drug to 100 ce. of propylene glycol. 


From the Regional Animal Disease Research 
Laboratory, Bureau of Animal Industry, Agri- 
cultural Research Administration, United States 
Department of Agriculture, Auburn, Ala. 


This could be done since it was determined 
that propylene glycol had no effect on growing 
cultures of M. paratuberculosis when added in 
concentrations up to 3 per cent to several 
control flasks. This solution was then diluted 
with water to the desired concentrations. Each 
dilution of each agent tested was added to 
three culture flasks. Additional flasks contain- 
ing equal growth were used as controls. All 
flasks received identical care and were kept side 
by side in the incubator at 37 C. As shown in 
table 1, the dilutions of the materials tested 
ranged from 400 yg. to 1 wg. per cubic centi- 
meter of medium. All flasks were observed 
five times a week for one month after adding 
the agents being tested. 


RESULTS 


The results of the in vitro studies are 
shown in table 1. The thiosemicarbazones 
and 4:4’ diamino diphenyl sulfone pre- 
vented normal growth of M. paratubercu- 
losis in all flasks when in concentrations of 
200 pg. Or more per cubic centimeter. They 
did not prevent growth when the medium 
contained 150 yg. or less per cubic centi- 
meter, but part of the cultures continued 
to grow when the medium contained 175 ug. 
per cubic centimeter. Growth was not ob- 
served in flasks that contained 8.0 pg. or 
more of viomycin per cubic centimeter of 
medium, but was observed in one out of 
three flasks containing 6.0 pg. per cubic 
centimeter and in all flasks containing 4.0 
pg. per cubic centimeter or less. 

In Vivo StrupIEes 

Viomycin would have been the logical drug 
for in vivo tests since relatively small amounts 
prevented growth of M. paratuberculosis, but 
this antibiotic was not available in sufficient 
quantity for this purpose. Instead, plans were 
made to study the effect of 4:4’ diamino 
diphenyl sulfone since it had shown promise 
in treatment of leprosy®**°* even though 
it took relatively large amounts to prevent 
growth of M. paratuberculosis in cultures. 

In collaboration with the School of Veterinary 
Medicine, Alabama Polytechnic Institute, Au- 
burn, a Jersey cow 5 years of age showing 
advanced clinical Johne’s disease with severe 
diarrhea was used in this study. The diagnosis 
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had been confirmed by demonstrating small DISCUSSION 


acid-fast bacilli indistinguishable from M. para- 4 J 
tuberculosis in stained smears of rectal mucosa, As was the case with promin, 4-amino- 


and by obtaining a positive reaction from an Salicylic acid, stilbamidine diisethionate, 
intradermal injection of johnin. and pentamidine isethionate in previous 
The drug was administered in hard gelatin studies,! the thiosemicarbazones and 4: 4’ 
capsules daily over a period of four weeks. djamino diphenyl] sulfone had to be added 
The daily dose per pound body weight was 35 to mediums in relatively large quantities 
econd to prevent growth of M. paratubereulosis 
Although the therapeutic results obtained 
with 4:4’ diamino diphenyl sulfone were 
RESULTS not altogether encouraging, it should be 
The treated animal was observed closely orne in mind that this 1 animal was in 
during treatment. During the first two 4 Very advanced stage of the disease when 
weeks, the feces became normal and the treatment was initiated. Viomycin would 
animal gained 55 Ib. and showed marked @Ppear to be the most active antibacterial 
improvement in general appearance. How- gent for M. paratuberculosis of all those 
ever, there was recurrence of diarrhea tested, since relatively small amounts of 
during the third week of treatment and this antibiotic inhibit its growth in vitro. 
continued loss of condition through the ‘Since in vitro studies do not in themselves 
fourth week in spite of the increased Prove that these products are or are not 
dosage of the drug to its original level. of therapeutic value, in vivo tests should 
The animal declined so rapidly that it was be made when possible, particularly on re- 
destroyed as incurable at the end of the cently infected or less advanced clinical 
fourth week. At necropsy, the intestine cases. 
presented typical gross appearance of SUMMARY 
Johne’s disease, and M. paratuberculcsis 
was found in stained smears of the epi- 1) In vitro studies of 4:4’ diamino 
thelium taken from the region of the diphenyl sulfone, four thiosemicarbazones, 
ileocecal valve. and viomycin indicate that viomycin is the 


TABLE |—Comparison of the Inhibitory Effect of Various Agents on Mycobacterium Paratuberculosis 
Cultures 


No. of cultures showing growth for each concentration (ug. per cc.) 
of agent tested 


400.0 200.0 175.0 150.0 125.0 100.0 50.0 8.0 6.0 4.0 2.0 1.0 


No. of cultures used 


for each dilution 


Agent tested 


None 
(Contro! flasks) 


p-formy] acetanilide, 
thiosemicarbazone 
(Myvizone) 


p-hydroxy benzaldehyde, 
thiosemicarbazone 3 


p-isobutoxy benzaldehyde, 
~ thiosemicarbazone 3 


p-formy] acetanilide, 
4-isobutyl 
3-thiosemicarbazone 


4:4’ diamino diphenyl 
sulfone 


Viomycin 


| 
3 0 0 2 3 3 3 3 3 3 
3 0 0 2 3 3 3 3 3 
3 0 0 es 0 0 0 1 3 3 3 
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only one of these products that inhibits 
the growth of Mycobacterium paratubercu- 
losis when used in low concentrations. 

2) 4:4’ diaraino diphenyl sulfone, ad- 
ministered in daily doses not exceeding 35 
mg. per pound of body weight over a period 
of twenty-eight days, initially resulted in 
improvement of 1 cow in an advanced stage 
of Johne’s disease; however, symptoms re- 
curred two and one-half weeks after treat- 
ment was initiated and the animal was 
destroyed as incurable at the end of the 
twenty-eight-day treatment period. 
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THE CLINICAL ASPECTS and epizodtiology 
of an outbreak of mastitis in cows caused 
by Cryptococcus neoformans were given by 
Pounden, Amberson, and Jaeger;!° identi- 
fication of the organism was made by Em- 
mons.* This paper is concerned with the 
study of the pathology of the disease in the 
same outbreak. 

There are no other records of C. neo- 
formans being identified as a cause of mas- 
titis in any animal or human beings. Carter 
and Young,” however, isolated this organ- 
ism from a bulk sample of milk derived 
from a tuberculin-tested herd of 25 cows 
in Scotland; no case of disease was subse- 
quently detected in the herd when attempts 
were made to trace the source of the in- 
fection. Other types of yeasts and yeast- 
like organisms have been encountered in 
mastitis of cattle on several occasions, and 
references to these are given by Pounden 
et al.!° and Emmons.* Cryptococcus neo- 
formans is the causative agent of human 
cryptococcosis (torulosis), a disease proc- 
ess which frequently involves the central 
nervous system and the lungs. The same 
organism has been encountered as a patho- 
gen occasionally in domestic animals.!! 


MATERIALS AND METHODS 


Four of the cows studied were killed by 
shooting and bleeding and 5 by bleeding alone. 
The carcasses were eviscerated by a butcher, 
and all dissections of organs carried out by us. 
No organ in the body was exempt from ex- 
amination, although that of the nervous sys- 
tem was limited in those cows which were 
shot. There were, however, no clinical find- 
ings to suggest that the nervous system had 
been involved in any case. The udder and 
lungs were removed whole, and were either 
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incised at once, or were injected by formalin- 
saline into the natural channels and kept in 
the refrigerator for twenty-four hours before 
making whole vertico-transverse slices of the 
organs. Tissues for histological examination 
were fixed either in 10 per cent formalin-saline 
solution or in Zenker’s fluid. Paraffin sections 
were prepared in the usual manner, and sec- 
tions stained by hematoxylin-eosin, Ziehl-Neel- 
sen, and the periodic acid (Schiff) leuco- 
fuchsin method. Numerous pieces were taken 
from affected and nonaffected parts of all quar- 
ters of the udders and, in some cows, all vis- 
ceral and body lymph nodes from each side 
were sectioned separately. Cultures of various 
tissues were made for identification for the 
Cryptococcus organisms, as was described by 
Pounden et al.” and by Emmons,‘ and no posi- 
tive cultures were obtained by them from any 
organ, other than the affected areas of udder 
and associated lymph nodes. 


PATHOLOGY 


The following descriptions deal with the 
pathology of the disease in a general way. 


Fig. |—Cryptococcosis, udder (cow 2589). Portion of 
affected udder and teat with abnormal, fleshy, coarse, 
lobulated appearance and some hemorrhage. 
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Although there was a variation in the severity 
of changes from case to case, there was a 
fundamental similarity in both macroscopic 
and microscopic appearances, and the latter 
are unmistakably specific. The remarks are 
restricted to the significant changes in the 
udder and lymph nodes, and to focal crypto- 
coccal lesions in the lungs of 1 cow. 

Some other coincidental pathological condi- 
tions were observed in various organs, but they 
are irrelevant to the primary disease discussed. 
For example, in 1 cow there was a massive, 
saccular, nonspecific bronchiectasis (not cryp- 
tococcal) of almost the whole apex of one lung. 

The hide was flayed from the body and 
searched for signs of dermal cryptococcosis 
with fruitless results. The extremities, includ- 
ing the joints, were examined and revealed no 
lesions. The nervous system also showed no 
evidence of torulosis, and cerebrospinal fluid, 
when obtainable, was unclouded and no organ- 
isms were grown after culture. 

Macroscopic Observations.—Udder.—In some 
cases, the first impression gained was that of 
great turgidity and induration of the affected 
parts. In 1 cow, both fore- and hindquarters 
of the left side were massively involved and, 
in another, both quarters on the right side. 
More than one quarter of an udder was in- 
volved in each of the 9 cows examined, but 
only 1 animal presented disease in all quarters. 
As the general appearances were similar in 


Fig. 2—Cryptococcosis, udder (cow 1799). Whole ver- 
tical slice of an affected quarter with similar appear- 
ance as in fig. | but with compressed remains of 
normal lactating udder at the upper pole and showing 
distinct contrast between affected and normal tissues. 


several cows with relatively severe infection, 
one of these might be taken as a descriptive 
example. In the right hindquarter, whole 
slices of the udder showed no abnormality 
until about a third had been cut; the con- 
sistency and appearance of normal tissue then 
rapidly passed into that of a pathological 
state, which involved the right forequarter in 
its entirety, front to back and base to teat. 
The diseased tissue (fig. 1 and 2) was ab- 
normally firm, fleshy, and greyish white. 
There were occasional haemorrhagic areas. 
Lobulation was more coarse and very distinct 
as compared with that of the resilent, normal 
lactating udder. In some ways, the appear- 
ance was reminiscent of the fleshy lobulated 
induration of human mammary carcinoma. 
The cut surface was difficult to handle with 
rubber gloves, for from innumerable areas 
there oozed a slimy, viscid, greyish white se- 
cretion. The teat canals and cisterns of both 
fore- and hindquarter showed no particular 
changes. Near the base of the teats, the skin 
was thickened and was partly adherent to 
deeper tissues, but there was no apparent 
break in epidermal continuity. The foregoing 
appearances are descriptive of all affected 
quarters of the cows which had been in the 
more acute stages of infection. 

Areas of udder which had undergone more 
involution, and reduction in secretory tissue, 
were more light grey in color compared with 
the usual bronze-pink color of glands in the 
dry state, and numerous small granulomatous 
foci were present. The secretion material in 
the ducts (and foci) in these areas was firm 
and cheesy and did not extrude without pres- 
sure, in contrast to the oozing viscid material 
mentioned previously. 

Lymph Nodes.—The gross appearance of the 
lymph nodes was noteworthy. It should be 
stressed that the involved nodes were only 
those which drained the affected sides of the 
udder. Thus, the corresponding regional su- 
pramammary nodes of the affected side were 
characteristically and constantly involved. In 
some, the deep inguinal nodes were also in- 
volved, but the nodes proximal in the line of 
drainage to the latter were normal. In the 1 
cow with miliary-like foci of cryptococcal in- 
fection in the lungs, the deep inguinal nodes 
(iliac group) on both sides and one of the 
precrural lymph nodes were enlarged to ap- 
proximately twice the normal size. None of 
the other carcase or visceral lymph nodes 
showed lesions. The increased size of affected 
supramammary nodes was a most striking 
feature, and in 1 cow this node was about ten 
times that of the normal unaffected one on the 
cpposite side. All pathological nodes lay in 
edematous fascia and fat. When the nodes 
were cut mesially, they had a waterlogged 
fleshy appearance, were mottled with confluent 
greyish white areas and scattered hemorrhages, 
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Fig. 3—Cryptococcosis, ud- 
der (cow 1799). Showing 
(a) acute liquefactive type 
of lesion with complete dis- 
solution of epithelial lining 
of acini and ductules, (b) 
lumens filled with organ- 
isms, (c) fibrous framework 
almost intact and absence 
of inflammatory reaction. 
Hematoxylin-eosin stain. x 
400. 


and the cut surface also was slimy. The gen- 
eral appearance was somewhat reminiscent of 
that seen in bovine leukosis, or in some forms 
of the uoncaseating type of bovine tubercu- 
losis. In some nodes, there were small ne- 
crotic, or abscess-like, foci. 

Microscopic Observations.—In 1 cow, discrete 
Ssemicaseous granulomatous lesions with 
giant cells and epitheloid cells were observed 
in sections of the skin of the hind legs. It 


Fig. 4—Cryptococcosis, ud- 
der (cow 2385). Showing 
intense proliferation of 
large, foamy histiocytes 
replacing secretory tissue. 
Many of the cells contain 
organisms. Hematoxylin- 
eosin stain. x 400. 


was first thought that these might have been 
connected with the cryptococcal infection, but 
Ziehl-Neelsen preparations revealed the pres- 
ence of slender, curved, acid-fast bacilli. As 
the herd was reported to be tuberculosis-free, 
it was concluded that these foci represented 
those of tuberculoid skin lesions; the cows 
had not been a reactor to the tuberculin test. 
The histological difference between these “tu- 
berculoid” lesions and the changes in the udder 
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and nodes were so great as to permit of no 
confusion. Numerous sections of portions of 
the brain and the spinal cord failed to reveal 
the presence of meningo-encephalitis. 
Udder.—Sections from those quarters which 
showed no gross macroscopic changes or which 
were dry revealed little beyond that expected 
for normal lactating, or “dried-off’, udder. In 
some cases, there were a few, focal, pyogenic 
granulomas containing Cryptococcus, or there 
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Fig. 5—Cryptococcosis, ud- 
der (cow 2385). Another 
area (same case as fig. 4) 
showing more chronic type 
of lesion with some fibrosis 
and inflammatory reaction; 
epithelium of ductules and 
acini lifted up from base- 
ment membrane by histio- 
cytes containing cryptococ- 
ci. Hematoxylin-eosin stain. 


x 120. 


were scattered areas where the involuted 
udder tissue was diffusely infiltrated with 
large, foamy histiocytes. These lesions repre- 
sented the mildest degree of the udder disease 
which could be recognized histologically. 

In the udders which had shown naked-eye 
evidence of cryptgcoccal mastitis, only a very 
thin barrier of fibrous septums separated the 
normal tissue from pathological areas. As 
evident from the illustrations (fig. 3, 4, 5), 


Fig. 6—Cryptococcosis, su- 
pramammary lymph node 
(cow 1799). Showing di- 
lated sinus containing many 
organisms, with invasion 
and destruction of cortical 
lymphoid tissue. 
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there was considerable variation in the his- 
tological picture in different parts of the same 
affected quarter, and this might have been re- 
lated to the chronicity of the disease. In the 
most severe phase (fig. 3), the appearance was 
interpreted as an intense precess of liquefac- 
tion affecting all the lining epithelium of the 
acini, intralobular ductules, and ducts. It 
seemed as if the lining cells had been almost 
completely dissolved by the pathogenic action 
of the Cryptococcus organisms, leaving the 
skeleton of the basement membrane and inter- 
lobular fibrous framework intact (fig. 3). In 
the glandular structures denuded of epithelium, 
the organisms were clearly seen in any stained 
preparation and were innumerable (fig. 3). 
(The Schiff preparations were advantageously 
employed for their identification.) The his- 
tolegical appearance of the udder tissue thus 
conformed with the clinical impression ob- 
tained about the nature of the disease, viz., 
it was a condition characterized by distention 
and damage of the lining cells of the ducts, 
ductules, and acini by a massive growth of the 
yeast cells. Neither the intralobular, nor inter- 
lobular, fibrous tissue showed much inflam- 
matory cellular infiltration and, in fact, this 
was of a surprisingly minor degree. Hemor- 
rhage was not prominent. In some areas, the 
marked histolytic effect of the yeasts had also 
affected the fibrous tissue in a similar manner, 
and had resulted in the formation of large, ir- 


regular cysts containing little but the causative 
organism and presumably, in the fresh state, 
the mucoid secretion. This picture was similar 
to the “soapsud” appearance of the cysts in 
human nervous cases, as illustrated by Globus 
et al. 


Fig. 7—Cryptococcosis, 
lung (cow 2385). Showing 
foci of infection forming 
small cellular nodules com- 
posed mostly of loosely ar- 
ranged histiocytes and 
many cryptococci. Hema- 
toxy!in-eosin stain. x 120. 


A variation in the type of histological re- 
action to severe infection was seen in the 
udder of 1 cow. This animal, referred to pre- 
viously, had had infection in all four quarters, 
and had pulmonary cryptococcal lesions. There 
was a marked histiocytic reaction in all the 
affected areas of the udder, and a much less 
degree of histolytic affect than that described 
previously. The tissue was massively infil- 
trated with large, foamy, mononuclear phago- 
cytes, so that in many areas the alveoli and 
ducts had become completely obliterated by a 
“tumor-like” infiltration (fig. 4), and numer- 
ous Cryptococcus were present in the cyto- 
plasm of taese phagocytes. Ducts and ductules. 
which still remained recognizable, frequently 
showed parasitized mononuclear phagocytes, 
singly and in groups, situated between the 
epithelium and the basement membrane (fig. 
5). 

In udders with lesions of a more chronic 
type, there was fibrous tissue proliferation in 
intra- and interlobular situations, and some 
foci contained epithelioid cells and thus were 
more granulomatous in nature. 

Small udder abscesses, or pyogenic granu- 
lomas, were sometimes encountered with poly- 
morphonuclear, lymphocytic, and _ histiocytic 
cells, but giant cells were not found either 
in the liquefactive or the other types of lesion. 

Lymph Nodes.—Histological changes in af- 
fected nodes conformed in type to those pres- 
ent in the corresponding udder tissue (fig. 6). 
In cases with severe involvement of udder, 
organisms were found scattered throughout the 
peripheral, cortical, and medullary sinuses, of 
affected supramammary nodes. Some of the 
sinuses were greatly dilated and, like the_ 
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udder, contained little but organisms and mu- 
cinous secretion. Sinus catarrh was prominent, 
and some sinuses were thus filled with large, 
pale-staining macrophages intermixed with nu- 
merous organism. Occasionally, there were 
cysts in some affected nodes, and progressing 
into a more chronic stage there was extensive 
infiltration and replacement of the cortical 
parenchyma with macrophages containing or- 
ganisms, and necrotic areas merged into ab- 
seess formation. The more chronic granu- 
lomatous type of lesion seen in the udder was 
not conspicuous. 

Lungs.—The lungs, in one of the 9 cows 
examined, contained a few focal cryptococcal 
lesions consisting of small tubercle-like ac- 
cumulations of foamy macrophages and with 
many characteristic yeast cells (fig. 7). The 
lesions did not communicate with bronchi or 
brenchioles, and might thus have been meta- 
static foci originating via a hematogenous 
route from the udder, or by lymphatic paths 
via the thoracic duct. 

DISCUSSION 

A study of the pathology of this dis- 
ease leaves little doubt that cryptococcal 
mastitis of cows forms a clear-cut disease 
entity. As in human cryptococcosis, a def- 
inite diagnosis of the disease in the cow 
would require identification of the causa- 
tive organism, or pathological examination 
of affected tissues. The macroscopic changes 
in the udder and associated lymph nodes 
might be indecisive in establishing the 
precise identity of the infection, but his- 
tologically the lesions are indisputably 
those of a yeast infection. The pathological 
process, as interpreted by a study of many 
sections from all the cows, is distinctive, 
and bears no resemblance to mastitis in 
cows (or any domestic animal) caused by 
any other microérganism (cf. Little and 
Plastridge,? Nieberle and Cohrs,’ and Patt- 
ison.” The reaction to the growth of the 
yeast in udder tissue is, at first, that of 
acute epithelial dissolution and _ liquefac- 
tion, becoming more histiocytic or frankly 
granulomatous in character during later 
stages of the infection. In that sense, the 
older name Torula histolytica is appropri- 
ate even though it has been discarded. We 
do not know at what extent a concomitant 
bacterial infection might have complicated 
the pathological picture in some cases, and 
manifestly experimental work would be 
necessary to answer questions of this na- 
ture. The lesion in the lymph nodes orig- 
inates as an intense sinus catarrh follow- 
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ing the entry of numerous organisms into 
the sinuses, which is then succeeded by 
destruction of lymphoid tissue and by a 
reactive hyperplasia, and occasionally the 
formation of abscesses. 

There are several significant features in 
the pathology which are relative to any 
discussion of mode of infection and patho- 
genesis, and which indicate that this out- 
break of mycotic disease was an example 
of primary infection of the udder through 
the teat canal and duct systems. The pres- 
ence of numerous Cryptococcus organisms 
in the acini, ductules, and ducts, and the 
apparent widespread primary involvement 
of the epithelial lining indicate both rapid 
growth of the organisms and ramification 
of infection through intracanalicular chan- 
nels. In only 1 case were all four quarters 
affected, and no gross lesions were found in 
other visceral organs, which would vitiate 
any suggestion that the udder infection 
was of hematogenous origin. The spread 
of the disease to the regional lymph nodes 
is what might be expected, and the totality 
of udder infection plus nodal lesions is 
somewhat analogous to a primary tuber- 
culous mastitis complex. In fact, the gross 
appearance might have tentatively suggest- 
ed a possible diagnosis of some forms of 
bovine tuberculosis. 

Although nothing is known of the orig- 
inal source of disease in the first cow 
infected in the whole outbreak, the patho- 
logical data might suggest that all subse- 
quent cows were infected by direct manual, 
physical, or airborne transmission of the 
Cryptococcus organisms to the teats. 

Torulosis, caused by C. neoformans (T. 
histolytica), is one of the most important 
deep mycotic infections of man, and with a 
world-wide distribution. The literature re- 
veals that it is being recognized with in- 
creasing frequency as the clinico-patholog- 
ical facts have become better known and, 
in particular, relating to the involvement 
of the central nervous system. There are 
many good recent reviews and original 
articles (Globus, Gang, and Bergman,® 
Gendel, Ende, and Norman,* Cox and Tol- 
hurst,? and Binford.!) Dermal anl pulmon- 
ary forms are clearly distinguished, as well 
as cases in which the disease is apparently 
restricted to the central nervous system. 
Globus et al.“ and others stress that clin- 
ical diagnosis of the neurological variety 
presents a challenging medical problem 
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and, in fact, is impossible without identi- 
fication of the causative organism. Little 
is known about the pathogenesis of the dis- 
ease in man, and the mode of infection in 
many cases may be only surmise. It has 
been stated that no human cases have been 
proved to derive their infection from ani- 
mal sources. Yet, as long as the epidemiol- 
ogy is cloaked in obscurity, the possibility 
of cross-transmission of infection between 
animals (e.g., cows with mastitis) and man 
cannot be ignored. The latter is one reper- 
cussion which might arise from a consid- 
eration of our pathological observations. 


SUMMARY 


1) The pathology of bovine mastitis 
caused by Cryptococcus neoformans is de- 
scribed. 

2) The lesions are characteristic and are 
distinctive from those of the common types 
of bacterial bovine mastitis. The process 


consists primarily of dissolution of the epi- 
thelium of the acini, ductules, and ducts 
caused by massive growth of the organisms 
in the lumens, followed by a diffuse his- 
tiocytic, or by a frankly granulomatous, re- 
action in the more chronic stages. 


The 
regional supramammary lymph nodes were 


commonly involved. One cow showed foci 
of cryptococcal infection in the lungs. 
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IN THE FIGHT AGAINST bovine brucellosis, 
there has been unquestionable progress in 
recent years, much of it in the United 
States. The use of vaccine made from Bru- 
cella abortus, strain 19, Bureau of Animal 
Industry (BAI), discovered in the Unted 
States, represents at present practically the 
only means for furthering prophylaxis. 
This is especially true in certain areas, 
since the customary measures of identifi- 
cation, isolation, and elimination of car- 
riers do not always receive from special- 
ists or laymen the dedication deserved. 

As a consequence of the lack of applica- 
tion of these difficult, complementary, but 
highly important prophylactic, measures in 
countries which do not have access to the 
enormous human and economic potential 
that the United States has been able to 
put into the fight against brucellosis, the 
question has arisen whether all that is 
done to prevent-ecenomic loss (as repre- 
sented by abortions) produces real benefit 
for the health of man. 

Mingle! has stated with great accuracy, 
“Certainly the human brucellosis cases re- 
ported each year can not be disregarded 
any more than the estimated $100 million 
annual losses suffered by the livestock in- 
dustry because of brucellosis in animals.” 
The day will undoubtedly come when a total 
revision will be imposed on sanitary policies 
relating to brucellosis, but this will occur 
only when the specialists can provide a 
simpler and more effective method of com- 
bat. This goal will be reached as soon as 
new roads are opened to research and when 
analysis of this problem is approached from 
different angles, an objective practically 
unreachable now, considering the relatively 
unilateral way this campaign is furthered. 

There are many unexplained factors hap- 
pening in vaccinated lots, as well as in the 
course and evolution of infection in its 
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different degrees in the same. Frequently, 
there is talk of antiabortive or anti-infec- 
tious immunity in bovine brucellosis. If 
there is immunity, it has to be anti-infec- 
tious. Infectious abortion is not a disease 
but a manifestation or consequence of bru- 
cellosis, and the process that determines the 
reduction of abortions in natural immunity 
is directly dependent on the degree of anti- 
infectious resistance, as is demonstrated 
by the animals naturally resistant to the 
infection which do not abort. 

It is also true that in nature infected 
animals acquire, after one or two abortions, 
a marked resistance towards a repetition of 
the phenomenon. A similar result is ob- 
tained in great numbers of vaccinated 
animals which, even though infected, never 
abort. It appears quite unorthodox to define 
immunity as a mechanism which manifests 
itself functionally only in a determined 
organ, while it allows the microérganisms 
to multiply, passing ultimately to the ex- 
terior to invade other hosts. 

The successful experiment performed by 
Cotton, Buck, and Smith? in 1934 proved to be 
an important addition to the study of preven- 
tion of bovine brucellosis, even though the re- 
sults obtained were not reproduced in similar 
conditions by other investigators. In that ex- 
periment, the antiabortive results were perfect 
in the group of animals vaccinated with strain 
19. From the anti-infectious standpoint, only 
1 of the 9 animals became infected, as judged 
by isolation of the organism from the colos- 
trum, while from 10 of 16 controls Br. abortus 
was isolated from the uterus and colostrum. 
In that publication, there was an omission 
of data pertaining to the postpartum agglu- 
tination response of these animals. This ob- 
servation is of importance since it is well 
known that a considerable number of infected 
animals can give birth to normal calves and, 
even though they may not eliminate the or- 
ganism through the udder or uterine exudates, 
they reveal their infected state by an increase 
in the agglutination titer between the sixth 
and tenth day after parturition. 

Haring and Traum* in 1941 reported a series 
of investigations for the appraisal of the 
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immunizing properties of strain 19 in calves. 
They mention that with moderate doses of 
virulent organisms they obtained as much as 
100 per cent protection, while with doses of 
several thousand million organisms some of 
the animals developed the disease and aborted. 
These authors do not say whether these 100 
per cent protection figures referred to abortion 
values or if it also included anti-infectious 
resistance. These investigators consider that 
the best immunity test is natural field ex- 
posure, with a great number of vaccinated 
animals and numerous controls. In trials per- 
formed under these conditions on almost 10,000 
animals, there were 94 per cent normal births 
in the vaccinated animals against 86.1 per cent 
in the controls. No data are given on the in- 
cidence of infection in the vaccinated animals 
in comparison to the controls. 

Birch, Gilman, and Stone* (1945) used nat- 
ural exposure and the vaccinated animals gave 
94.27 per cent normal births in comparison 
to the controls, which gave 76.92 per cent. 
The anti-infectious immunity was not as good, 
because even though the infection caused 
abortion in the controls in a proportion 13.33 
per cent higher than the vaccinated group, 
a high number of these (53.34%) became in- 
fected, with elimination of the organism from 
the udder or uterus as well as with positive 
agglutination titers of 1:100 or above. 

Another immunity test was performed by 
artificial exposure at the third and fourth 
pregnancies on animals vaccinated as calves 
and heifers by Beach, Irwin, and Berman® in 
1947. These investigators used an infective 
dose of 30 to 35 million organisms by con- 
junctival exposure which, considering the re- 
sults obtained, was said to be too severe, even 
though they recognize that in a previous ex- 
perience they used a much higher infective 
dose. Of 29 animals vaccinated and infected, 
12 had normal births, 4 gave birth to weak 
calves, and 13 aborted. As such, the anti- 


abortive values reached practically 50 per cent 
protection, whereas the anti-infectious values 
were very low, since 25 of the 29 animals 
(86.2%) eliminated the organisms or possessed 
agglutination titers of 1: 100 or higher. All the 
controls aborted and all were infected. 

We sustain the thesis that if the control 
of brucellosis has to be based on the use of 
vaccines, these must be nonagglutinogenic and 
will have to confer the highest anti-infectious 
protection values possible, in order that: 


a) its use can be extended with advantage 
and without limitations to all livestock raising 
countries; 


b) prophylactic work may crystalize into a 
definite objective: the raising of an effective 
barrier which may prevent progress of the 
infection. This would be of benefit to human 
health and also to livestock, without interfer- 
ing in the detection of outbreaks of the dis- 
ease which may require urgent treatment by 
more drastic methods. 


A series of anti-Brucella bovine immunity 
experiments have been in progress since 1947 
in order to test the anti-infectious and anti- 
abortive capacity of vaccines prepared from 
different strains of Br. abortus, using strain 
19 (BAI) as a standard of comparison. This 
report represents a series of observations of 
a preliminary nature. We are at present re- 
peating these immunity tests on a larger scale 
(200 animals) and hope that the errors in- 
curred in the present experiment may serve 
to prevent these difficulties in the future. 


EXPERIMENTAL METHODS 


Among the strains of Brucella studied were 
the “intermediate type,” nonagglutinogenic 
strains B and BM which were discussed in 
a previous paper by Rosenbusch* summarizing 
the results of their field application on 1,250,000 
animals turough 1920 to 1946. The other two 
strains studied in this comparative test were 


TABLE !—Orientation Anti-Brucella Immunity Test Strains 19, B, and BM Vaccines 


N° OF | Agglut. VACCINATION 


AGGLUTINATION REACTIONS 


ANIMAL; 25/2 17/3/47 


| 8/4 | 23/5 


OBSERVATIONS 


14/6 | 25/7 | 4/9 | 27/9 | 13/10 


St. Cc 


NORMAL BIRTH 14/9 


St. “BM with Al. Hid. 
St. “BM” with Al. Wid. 
Se. 

St. “19° 
St. “BM” without Al. Hid. 


NORMAL BIRTH 10/8 
WORMAL BIRTH 12/8 
WEAK CALF 27/8 
MORMAL BIRTH 3/7 
Stillbirth (Ab. infec.) 13/9 


(St. “BM” without Al. Wid. 


WEAK CALF 28/7 


C - CONJUNCTIVAL INFECTION 
NB - NORMAL BIRTH 
AB - ABORTION 
WC - WEAK CALF 
Al. Hid. - ALUMINIUM HIDROXIDE 


Gi - POSITIVE AGGLUT. 1/100 OR MORE 
BS - POSITIVE AGGLUT. 1/50 

Z~- POSITIVE AGGLUT. 1/25 

NEGATIVE AGGLUT. 


| 

i 
. 
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strain 19 (BAI) and one avirulent agglutino- 
genic intermediate strain 37 of our laboratory’s 
collection, which has been used since 1920 for 
the preparation of antigen for the agglutination 
test. This strain was selected on the basis of 
its high and stable antigenic nature, consider- 
ing that it might also be highly immunogenic 
through a probable interrelation of both prop- 
erties. 

The vaccines used in these tests were freshly 
prepared. Strain 19 vaccine was prepared from 
a strain recently provided by the Argentine 
Department of Agriculture. It was grown and 
maintained under the conditions recommended. 

Strain 37 was grown in the same way as 
strain 19, but it was maintained in passage 
on a serumized meat-infusion agar. Strain B 
was grown and maintained on the same meat- 
infusion agar with 10 per cent serum. These 
vaccines were used in the following doses: 
strain 19, 5 ec. of a bacterial suspension con- 
taining 12 billion live organisms per cubic 
centimeter; strain 37 in a 10-cc. dose of 12 
billion live organisms per cubic centimeter; 
strain B in a 5-ce. dose of 12 to 14 billion live 
organisms per cubic centimeter. 

The animals on both tests were kept together 
and under natural conditions throughout the 
length of the test. These animals originated 
from dairy herds and were of the Shorthorn 
or Argentine Holstein-Friesian breeds. The 
majority of the animals used in these tests 
were vaccinated as heifers, with ages ranging 
from 10 to 18 months. A few were vaccinated 
at 2 years of age. All were tested for infection 
by the agglutination test prior to vaccination 
and at approximately monthly intervals there- 
after. All the animals were negative prior to 
vaccination. 

Exposure was performed in the two experi- 
ments with different virulent strains. A re- 
cently isolated virulent field strain was used 
in the first (orientation) experiment, using 3 
million live organisms conjunctivally. 

For the second and main experiment, the 
virulent strain (strain RT) used was selected 
on the basis of its greater guinea pig infec- 
tivity and its stability in virulence. In the 
guinea pig, this strain had proved to possess 
a minimum infective dose of 150 to 200 or- 
ganisms. This strain was kept at this level 
of virulence by guinea pig passage and lyoph- 
ilization. 

Infection in this experiment was performed 
conjunctivally, subcutaneously, or, in some 
cases, intradermally. The conjunctival and 
intradermal dose was of 1,800,000 organisms 
while the subcutaneous dose was 3,600,000. 

The majority of the animals of the second 
experiment (67%) were exposed to infection 
while nonpregnant. The remainder showed 
pregnancies of two to six months. 

Infection in most animals was established 
by the study of the agglutinin titers present 
at monthly intervals. A titer of 1: 100 or 
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above, maintained through repeated observa- 
tions, was the criterion for an infected case. 
The presence of infection was further demon- 
strated in the orientation test and in those 
performed on pregnant animals by the isola- 
tion of the infective organism from the tissues 
of guinea pigs inoculated with fetal mem- 
branes and the colostrum from normal births 
or cases of abortion. This method of analysis 
of infection in the present test paralleled per- 
fectly the results of the agglutination test, 
but it detected less cases of infection than the 
latter, as seen in tables 2 and 3. 


RESULTS 


Preliminary Experiment (See Table 1). 
—This test was performed on 12 animals 
in 1947, with the purpose of providing an 
orientation in the bovine immunity values 
produced by several vaccines prepared with 
the nonagglutinogenic strains B and BM in 
comparison with strain 19 (BAT). 

At this time, 2 animals were vaccinated 
with strain 19, 1 with the nonagglutino- 
genic strain B, 2 with the nonagglutinogenic 
strain BM, and 2 with strain BM with 10 
per cent aluminum hydroxide. In addition, 
2 animals were left as controls but they 
were too far along in pregnancy and they 
gave birth to calves before or immediately 
after exposure so that they were lost for 
the purpose of the test. The same hap- 
pened with 2 additional animals vaccinated 
with strain B and 1 with strain BM. 

All the animals of this test were vacci- 
nated in March, 1947, with pregnancies 
varying between three and eight months. 
Both animals vaccinated with strain 19 
developed agglutinins after vaccination, 
with titers of 1:50 and 1:100, while of 
those vaccinated with strains B and BM 
with aluminum hydroxide only 1 produced 
agglutination titers up to 1: 25. 

Two months later, the animals were ex- 
posed by the conjunctival route. The ani- 
mals vaccinated with strain B and strain 
BM with aluminum hydroxide demonstrated 
a perfect antiabortive resistance. All 3 
calved normally. Only 1 presented agglu- 
tinins up to 1: 50 after exposure. 

Both animals vaccinated with strain 19 
showed positive agglutination reactions of 
1:50 to 1: 100 at irregular intervals after 
exposure. One of these animals gave birth 
to a weak calf three months after being 
exposed, while it showed a considerable 
increase in agglutination titers (with read- 
ings higher than 1:100 after calving), a 
probable indication of infection. 


| 

| 
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TABLE 2—Anti-Infectious Brucella Immunity Test Strain 37 Vaccine (Pregnant Animals) 


1949 


1950 


1951 NB 


7) 8) 9 101112 4) 


7) 9} 10/1112 


or 


2] 


OBSERVAT. 


GUINEA PIG 
INOCULAT. 


o 


| 


4 


| T 
| 


| 
| 


NB 5/9 


NEGATIVE 


NB 26/9 


NB 2/10 


DYSTOCIA 


NEGATIVE 


NB 27/8 


NB 14/9 


NEGATIVE | 


NB 18/9 


NEGATIVE 


ele la 


NB 10/10 


NEGATIVE 


4 


NB 5/9 


RET. PLAC. 


NEGATIVE 


AB 12/7 


7 month fetus 


POSITIVE 


NB 22/9 


NEGATIVE 


NB 8/9 


Pus in cotyledons 


NEGATIVE 


NB 27/8 


NB 25/7 


CALF DIED 


NEGATIVE 


AB 3/9 


STILLBIRTH 


NB 26/9 


NEGATIVE 


AB 9/8 


NB 8/9 


NEGATIVE 


NB 22/11 


NEGATIVE 


v 
v 
y 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
v 


5/9 


NEGATIVE 


V - VACCINATED 

C - CONJUNCTIVAL INFECTION 
S - SUBCUTANEOUS INFECTION 
| - INTRADERMIC INFECTION 
NB - NORMAL BIRTH 


AB - 
| 
- 


ABORTION 


S$ - POSITIVE AGGLUT. 1/25 
NEGATIVE AGGLUTINATION 


POSITIVE AGGLUT. 1/100 OR MORE 
POSITIVE AGGLUT. 1/50 


TABLE 3—Anti--infectious Brucella Immunity Test Nonvaccinated Controls (Pregnant Animals) 


1949 


1950 


151] NB or 


8) 3/4/5 


6/7) 8/9 


AB 


OBSERVAT. 


IGUINEA PIG 
INOCULAT. 


035 


932 


981 


AB 1/10 


STILLBIRTH 


NEGATIVE 


NB 1/10 


NEGATIVE 


B 25/10} 


NEGATIVE 


NB 10/9 


NEGATIVE 


NB 27/8 


NEGATIVE 


031 


NB 10/9 


NEGATIVE 


772 


808 


812 


AB 14/4 


6 MONTH FETUS 


NEGATIVE 


AB 28/8 


POSITIVE 


NB 14/9 


858 


NB 2/10 


NEGATIVE 


986 


A 14 [MIO w 


AB 8/8 


NEGATIVE 


V - VACCINATED 

C - CONJUNCTIVAL INFECTION 
S - SUBCUTANEOUS INFECTION 
NB - NORMAL BIRTH 


ABORTION 


POSITIVE AGGLUT. 1/100 OR MORE 
POSITIVE AGGLUT. 1/50 
POSITIVE AGGLUT. 1/25 
NEGATIVE AGGLUTINATION 


N. 
383] 
| 
| | 
| 
AB - 
ZZ, 
(479) 
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Both animals vaccinated with strain BM 
without aluminum hydroxide became in- 
fected. One aborted four months after ex- 
posure, with isolation of organisms from 
the fetus, while the other gave birth to 
a weak calf. Both animals presented high 
agglutination titers before and after calv- 
ing or aborting. 

It is unfortunate that we were unable 
to have adequate controls in this test, but 
the figures of infection shown by the ani- 
mals vaccinated with strain BM without 
aluminum hydroxide serve us as a good 
evidence of the degree of exposure to which 
this lot has been subjected. 

Comparative Bovine Immunity Experi- 
ment.—A new series of immunity tests was 
started in 1949 with 89 animals. At this 
time, 48 heifers were vaccinated with our 
agglutinogenic strain 37, 15 with the non- 
agglutinogenic strain B, and 15 others with 
a vaccine prepared from strain 19 (BAI), 
while 11 heifers of the same age were left 
unvaccinated as controls. The vaccination 
age of these animals varied between 10 and 
18 months. 

Agglutination tests were performed on 
all these animals prior to vaccination. All 
proved to be negative. Twenty-five days 
after vaccination with strain 37, 85 per cent 
of the animals~ presented agglutination 
values of 1: 50 to 1:100 or more. However, 
these disappeared in the majority of the 
animals within one or two months. 

The group of animals vaccinated with 
strain 19 showed an apparently irregular 
reaction determined by the appearance of 
agglutination titers of 1:25 to 1:50 in 
only 33 per cent of the animals. These re- 
sults may be due to the fact that too much 
time was allowed to elapse (seventy-one 
days) between the vaccination date and 
the first agglutination test following (Dec. 
15, 1949, and Feb. 24, 1950). We assume 
that there could have been a loss in anti- 
bodies within this first period in the group 
that did not show agglutinins. There are 
references in the literature relating to the 
fact that there is normally a pronounced 
fall in the agglutination titers produced by 
strain 19 vaccine between the second and 
the third months, with values higher than 
44 per cent (Hubbard? and Beach, Irwin, 
and Berman*). 

None of the animals vaccinated with 
strain B showed agglutinins as the result 
of vaccination. 
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Artificial exposure was performed simul- 
taneously in all the lots of animals of this 
experiment in February, 1950, two to ten 
months after vaccination, using the con- 
junctival, subcutaneous, or intradermal 
route of infection. 

A great number of the animals in this 
experiment were exposed to infection while 
nonpregnant, However, 19 heifers of the 
lot vaccinated with strain 37, and all the 
controls, showed pregnancies varying be- 
tween two and six months at the time of 
infection. 

Pregnant Lot (See Tables 2 and 3).— 
Within the group of 7 animals vaccinated 
with strain 37, which were exposed con- 
junctivally ten months after vaccination, 
infection occurred in 28 per cent, judging 
by the agglutination test, whereas there 
were no abortions (table 2). The infection 
value in the unvaccinated control group of 
5 animals (table 3) was 60 per cent whereas 
the abortion figure was 20 per cent. The 
ase of abortion mentioned was a stillbirth 
and infection was not verified by culture 
isolation from the guinea pig injected with 
fetal membranes nor by the agglutination 
test. 

All the positive agglutination reactions 
in the vaccinated and control groups ap- 
peared after calving. In no case was it 
possible to isolate the infective organism 
from the tissues of the guinea pigs inocu- 
lated with the fetal membranes or colostrum 
of any of these animals. 

In conclusion, we have to admit that ex- 
posure in this experiment was carried out 
somewhat too late, considering the degree 
of pregnancy of the animals and the fact 
that it was performed conjunctivally, a 
method of infection which is apparently 
slower in its effects. 

Within the group of 12 animals exposed 
subcutaneously or intradermally, the ani- 
mals vaccinated with strain 37 presented 
infection figures of 41 per cent, while those 
of the 6 unvaccinated controls presented 
17 per cent, judging infection only from 
the standpoint of a positive agglutination 
test. The cultures and guinea pig inocula- 
tions performed with fetal membranes and 
colostrum samples from normal births, as 
well as from abortions, demonstrated only 
2 cases of infection in the vaccinated group 
(16%). The abortion rate was 25 per cent 
for the vaccinated lot and 50 per cent for 
the controls. Infection manifested itself 


| 
; 
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in this group from the first to the sixth 
month of exposure. 

Nonpregnant Lot (See Tables 4, 5 and 
6).—This lot includes three separate vac- 
cine groups. Unfortuntely, it was not pos- 
sible to include a nonvaccinated group. Vac- 
cine was applied in these cases in young 
unserved heifers. 

Artificial exposure was performed by the 
conjunctival or subcutaneous route two to 
ten months later. The results obtained in 
these experiments follow. 


Strain 37 (See Table 4).—The lot of 16 
animals exposed conjunctivally ten months 
after vaccination gave infection figures of 
38 per cent, judged on the basis of the 
agglutination test, and 18 per cent aborted. 
There were also 7 normal births, 3 animals 
died or were discarded, 2 were recently 
pregnant, and 1 never became pregnant. 

Of the lot of 13 animals exposed sub- 
cutaneously or intradermally, there was 
only 1 case of infection which manifested 
itself by an agglutination reaction of 1: 100 


TABLE 4—Anti-infectious Brucella Immunity Test Strain 37 Vaccine (Nonpregnant Animals) 


1949 1950 


1951 NB or! ogseRVAT. 


| 


91011141 2 91010121 6 7 8 8] AB 


| 
| | 


| 


| 


| 


TT 


NB NB 10/5 
NB 10/5 
NB 6/7 


UNOBSERV. ABORT. 


NB 12/7 
NB 10/8 


REC. PREGNANCY 


REC. PREGNANCY 


NOT. PREGNANT 
UNOBSERV. ABORT. 


NB 20/7 


NB 15/5 


STILLBIRTH 15/10 


Ne 177 


NB 5/6 


NB 20/9 


NB 28/10 


NB 5/15 
NB 28/6 
NB I/7 


coo 


—} 


NB 30/6 


- VACCINATED 

- CONJUNCTIVAL INFECTION 
- SUBCUTANEOUS INFECTION 
- INTRADERMIC INFECTION 

- NORMAL BIRTH 


Wl - POSITIVE AGGLUT. 1/100 OR MORE 
3B - POSITIVE AGGLUT. 1/50 

Z - POSITIVE AGGLUT. 1/25 

- NEGATIVE AGGLUT. 

d - DISCARDED 

D - DIED 


N 
al 
| 50 | | | | 
| 320] | 
| 374] | | 
| 382] | 
883] | | 
4 E222. | 
278] | | 
| 586) | 
NB 
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for a period of two months, eight months 
after infection, after which it gradually 
disappeared. In this lot there were no abor- 
tions. There were 9 normal births while 
4 animals died or were discarded, 

Strain B (See Table 5).—The group of 7 
animals exposed by the conjunctival route 
two months after vaccination did not pre- 
sent any case of infection or of abortion. 
One animal of this group, six months after 
exposure, developed an agglutination titer 
of 1: 50 which decreased in the next month 
to 1:25, then disappeared and reappeared 
alternately during the following 18 months. 
In this group, there were 5 normal births, 
1 animal died, and 1 presented a recent 
pregnancy. 

In the lot of 8 animals exposed sub- 
cutaneously, there were 2 which presented 
agglutinin titers of 1:50 during three 
to four months after infection, after which 
there was a reduction to values of 1:25 
or negative. Another group of 3 animals 
showed agglutinin titers of 1:25 for short 
periods. In this lot, there were 7 normal 
births and 1 animal was discarded. 

Concluding, we can state that neither 
conjunctival nor subcutaneous exposure 
was able to affect the anti-infectious immu- 


FRANCISCO SIEIRO AND CARLOS ROSENBUSCH 


Am. J. Vet. Res. 
OCTOBER 1952 


nity produced by this strain. It can only 
be said that subcutaneous exposure has 
produced a slight and fading rise in the 
agglutination titer of some animals. 

Strain 19 (See Table 6).—From the lot 
of 5 animals which presented positive agglu- 
tination reactions seventy-one days after 
vaccination and which lost them afterward 
in a total or partial way in the next four 
months, the following results were obtained. 

By the conjunctival exposure 2 of 3 ani- 
mals (66%). were infected seven or eight 
months later, without the production of 
abortions; by subcutaneous exposure, there 
were no noticeable changes in agglutina- 
tion reactions, with values ranging between 
1:25 and 1:50 during prolonged periods 
after infection, a reaction which might 
also be due to the vaccine. In this group 
there were no abortions, there were 4 nor- 
mal births, while 1 animal was in advanced 
pregnancy at the end of the test. 

Of the group of 10 animals which did 
not present agglutinins on the seventy-first 
day after vaccination, the following results 
were obtained. By conjunctival exposure 
there were no infected animals nor were 
there any cases of abortion; by subcuta- 
neous exposure, there was 1 infected animal 


TABLE 5—Anti-infectious Brucella Immunity Test Strain B Vaccine (Nonpregnant Animals) 


1950 


1951 


NB or 


~ 


AB OBSERVATIONS 


NB NB 4/8 


NB 


NB 28/6 


NB 31/7 


NB 31/7 


RECENT PREGNANCY 


NB 15/9 


28/7 
27/7 


NB 17/10 


NB 
NB 
NB 


10/10 
25/10 
10/5 


NB 23/7 


NB 


- VACCINATED 

- CONJUNCTIVAL INFECTION 

- SUBCUTANEOUS INFECTION 
NB - NORMAL BIRTH 


NEGATIVE AGGLUT. 
POSITIVE AGGLUT. 1/50 
Z POSITIVE AGGLUT. 1/25 
d - DISCARDED 

D - DIED 


| 

| 

| 

| = 

| 36} | 222222277 

| 054 | || ERS 

|| 

O17 | | | | AAT | | 
1160] | | 
1324 | | 
| 367 | | | 
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(17%), but there were no visible abortions. 
It is of interest to note that the infected 
animal proved to be sterile, probably as a 
result of the same infection. In this group, 
there were 7 normal pregnancies and 3 
animals that did not become pregnant. 


DISCUSSION 


An observation of great interest was 
made from the study of this preliminary 
experiment on the comparative immunolog- 
ical value of different Br. abortus strains 
in relation to the varying forms of arti- 
ficial exposure. The animals of all tests 
which did not produce agglutinins, either 
as a result of the type of organism used in 
the vaccine (strain B), or which possibly 
lost this reaction rapidly after vaccination 
(strain 19), had the best anti-infectious as 
as well as antiabortive immunity. 

The relation between the processes of agglu- 
tinin preduction and immunity has been 
treated repeatedly in the literature. Beach, 
Irwin, and Berman’ stated that there was no 
relation between the postvaccinal agglutina- 
tion peak and the subsequent resistance of 
the animal. In this sense, Hubbard’ reached 
the same conclusion on the relationship be- 
tween agglutinins and immunity in his analy- 
sis of the factors intervening in calfhood vac- 
cination with strain 19. 

Furthermore, Carcamo, and DeDiego* stated 


that strain 19 vaccine, killed by heat or by other 
agents, produced a strong agglutinin response 
in the vaccinated animals which did not differ 
from that produced by the same strain in a 
living state. It is well known that strain 19 
is not effective as an immunizing agent when 
applied as a bacterin. 

Live, Sperling, and Stubbs,® using guinea 
pigs as the test animal, demonstrated by the 
use of ultrasonic filtrates that immunity is not 
necessarily related to the production of agglu- 
tinins. 

The work of McEwen” with his “rough” 
strain 45-20 which does not produce agglutinins, 
while supposedly producing appreciable values 
of immunity in cattle, is additional evidence 
of the lack of relation between immunity and 
agglutinin production. 

Rosenbusch" in 1947 reported on the large- 
scale field study, for more than a decade, on 
the vaccination of over a million animals using 
the intermediate type nonagglutinogenic MBB 
Br. abortus strains. In this report, only anti- 
abortive observations were taken into account. 

The analysis of anti-Brucella immunity, 
strictly on a basis of its antiabortive effects, 
resolves only the economic aspects of the 
problem. In our opinion, this objective is 
only secondary. Our aim is to develop a 
vaccine which may produce an adequate 
anti-infectious immunity, thereby eliminat- 
ing abortions and also the numerous sec- 
ondary problems related to this disease. 


TABLE 6—Anti-infectious Brucella Immunity Test Strain 19 Vaccine (Nonpregnant Animals) 


1949 1950 1951 
80 vi ic ADVANCED PREGNANCY 
102 | | NB 5/7 
368 | NB NB 4/8 
O87 | \Vigs B NB 22/10 
NB NB 20/7 
082 ic NON PREGNANT 
198 | NB NB 6/8 
252| NB | NB 1/7 
868 | NB NB 10/5 
66 | |v |S N NB 29/7 
77 NON PREGNANT 
141} NB NB 10/7 
227 | |S NB 28/10 
267 is NON PREGNANT 
941} | NB 30/6 


V_ - VACCINATED 

C - CONJUNCTIVAL INFECTION 
S - SUBCUTANEOUS INFECTION 
NB - NORMAL BIRTH 


BB POSITIVE AGGLUT. 1/100 OR MORE 
WE POSITIVE AGGLUT. 1/50 
POSITIVE AGGLUT. 1/25 
LI NEGATIVE AGGLUTINATION 


: 
| 
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Bovine brucellosis is not simply an ani- 
mal disease and it can not be treated sep- 
arately from the problems involving human 
health. The protection of human health 
has become necessary as a consequence of 
the studies made which denote a great 
prevalence of this disease in man. 

We can expect only limited benefits for 
human health if anti-Brucella vaccination 
serves only to protect the cow from the 
loss of its offspring while it provides only 
a limited protection against infection. Con- 
sidering the human health aspects of the 
problem, immunity should be studied mainly 
from the standpoint of reducing or pre- 
venting the advance of infection. 

This objective, difficult to reach with the 
vaccines presently in use, has imposed the 
application of various prophylactic meas- 
ures, including the elimination of carriers. 
This step, however, is of difficult execution, 
partly because of the relatively poor immu- 
nogenicity of the present vaccine strains, 
as well as by their interference in the con- 
trol program through their stimulation of 
blood antibodies which are indistinguish- 
able from those of disease. 


SUMMARY AND CONCLUSIONS 


1) An orientation test performed on 7 
animals in 1947 showed that two inter- 
mediate nonagglutinogenic strains produced 
a better immunity than strain 19; however, 
one of these required the addition of alu- 
minum hydroxide to do so. 

2) A new series of comparative immu- 
nity experiments was performed in 1949 
on 89 heifers vaccinated with strain 19, 
the intermediate type, nonagglutinogenic 
strain B or an avirulent intermediate type 
agglutinogenic strain 37, using different 
artificial exposure methods (conjunctival, 
subcutaneous or intradermal), The results 
obtained demonstrate superior anti-infec- 
tious values for the nonagglutinogenic 
strain B vaccine, with total infection fig- 
ures of 0 per cent, while those of strain 19 
were 20 per cent, those of strain 37 were 
25 per cent, and those of the nonvaccinated 
controls were 36 per cent. Complementary 
antiabortive values of this experiment were 
0 per cent abortions for strain B; 0 per 
cent for strain 19; 12 per cent for strain 
37, and 10 per cent for the nonvaccinated 
controls. 

3) Classifying the immunity results ob- 


tained according to routes of exposure 
and whether the animals had been served 
or not, there is a much quicker and more 
severe degree of infection in the pregnant 
lot with the subcutaneous exposure, whereas 
this type of infection seemed to act as a 
hyperimmunizing factor without the pro- 
duction of agglutinins in the nonpregnant 
lot. Conjunctival infection appeared to be 
most natural in its effects, producing the 
highest percentage of infection in most 
lots. Infection under these conditions mani- 
fested itself only after six months of ex- 
posure. 

4) It is noteworthy that the best anti- 
infectious immunity was obtained in the 
animals which did not show agglutinins 
after vaccination, due to strain character- 
istics or to reasons of possible early dis- 
appearance of agglutinins (after seventy 
days). By coincidence, the same anti-infec- 
tious results were obtained in a group of 
5 animals vaccinated with the agglutino- 
genic strain 37, which did not show agglu- 
tinins after vaccination. 

Editor’s Note—This manuscript is being 
published because it is the result of inde- 
pendent research in a foreign environment and 
because it claims some desirable achievements. 
Apparently, some of the findings are at vari- 
ance with those of several other research 
workers, but they seem to have been honestly 
arrived at and may be explained. This work 
might stimulate a re-study of some phases of 
our generally accepted concepts. 

Reviewers of this manuscript believe that 
the experiments recorded might have been 
better controlled and that the unusual response 
following the use of strain 19 vaccine could 
mean either that the vaccine had been im- 
properly handled and was nonviable or that 
the method of testing for agglutinins differs 
from that used by others. 

The American Journal of Veterinary Re- 
search therefore invites comments regarding 
this manuscript, so that any false impressions 
it might create may be pointed out. 
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The Activity of Streptococcus Agalactiae in Milk Possibly 
Influenced by the Ration 


W. D. POUNDEN, D.V.M., Ph.D.; J. W. HIBBS, Ph.D.; B. H. EDGINGTON, D.V.M. 


Wooster, Ohio 


A SEARCH was made for factors that through 
their effect on dairy cows might influence 
the milk produced by the animals as re- 
gards its suitability as a medium for Strep- 
tococcus agalactiae. Should such factors 
exist, they conceivably might influence dis- 
ease conditions of udders associated with 
this infection. Their existence would not be 
incompatible with some of the suggested 
explanations concerning the means by which 
the pathological conditions are brought 
about, including those of hypersensitivity 
of the udder tissues to the presence of Str. 
agalactiae’’ and the production of irritant 
products from the milk.® § 

Variations between herds as to the suitability 
of their milk for acid production by cheese 
starters has been noted."' Between cows dif- 
ferences exist in the bacteriostatic and bacterio- 
cidal properties of their milk." These properties 
of milk were considered by Murphy’ to be basic 
factors in the resistance of udders to infection. 
The inhibitory action for Salmonella typhosa 
of the milk from a cow while on pasture was 
observed to be greater than when she was re- 
ceiving ensilage and grain.’ Others‘ failed to 
note any such variation associated with the 
feed when using Streptococcus pyogenes as 
the test organism. 

A method whereby variation in activity of 
Str. agalctiae in milk samples could be meas- 
ured was evolved in preliminary work. It con- 
sisted of inoculating the samples either with 
broth cultures or with milk from an infected 
cow and, following incubation, measuring the 
quantity of sodium hydroxide required to neu- 
tralize the acid formed. Among the factors 
given limited consideration as possibly capable 
of influencing the milk as a medium for the 
bacteria were the feeds eaten by the animals, 
the feeding of vitamin A, of citrates and phos- 
phates, the intravenous injection of the latter, 
of vitamin E, and of ascorbic acid. 

Only in the case of the quality and quantity 
of roughage being eaten by the cows was evi- 
dence obtained indicating possible involvment 
of any of these factors to an appreciable degree. 
For instance, samples from 6 cows were col- 
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lected and inoculated in September and the 
process repeated at intervals until the end of 
February for a total of 24 times. The quanti- 
ties of sodium hydroxide required to neutralize 
the acid formed tended on the average to be 
lowest during periods when the animals were 
receiving the better qualities of hay. 

Milk samples from a small herd of 8 cows 
were examined five times in a similar manner 
during the same period. The animals were on 
pasture during the first two months and re- 
ceived very little grain. As the pasture became 
poor, grain was increased and corn stover 
added to the ration. For the last two months, 
the ration consisted cf timothy hay of variable 
quality and grain. The average quantities of 
sodium hydroxide required to neutralize the 
acid produced in the inoculated samples at 
each successive test increased until it was 
several times greater than at the beginning of 
the period of observation. As would be ex- 
pected, all results were not in agreement with 
the above. For instance, the feed of 3 cows 
in advanced lactation was changed for three 
weeks from a ration of alfalfa hay, silage, and 
grain to one of but straw and grain. Variations 
that appeared to be related to the change in 
diet were not produced in the quantities of 
sodium hydroxide required to neutralize the 
acid in their samples. 

These experiences stimulated the initiating 
of another experiment for the purpose of ob- 
taining further information regarding the 
possible influence of the diet on the milk as 
a medium for Str. agalactiae. This was con- 
sidered as offering a partial substitute for ex- 
periments involving exposure of animals to 
disease organisms, an approach which was 
not possible to follow in the herds available 
for study. 


EXPERIMENTAL 


Animals and Feed.—Sixteen cows were used 
in this experiment and these were divided into 
two groups, each composed of 4 Holstein-Friesi- 
ans and 4 Jerseys. The animals were paired 
off as closely as possible on the basis of breed, 
quantity of milk being produced, stage of 
lactation, and age. Four Jersey cows, 2 in each 
group, were dry at the time the experiment 
was started and milk samples from them were 
not available until the ninth week. However, 
from the beginning of the experiment they 
received the same feeds as the other cows in 
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their respective groups. One group was fed 
a ration of alfalfa hay (free choice) along 
with silage, consisting primarily of meadow 
crops, and a simple 14.5 per cent protein grain 
mixture consisting of corn, oats, bran, soybean 
oil meal, and salt. The other group received 
grass hay (free choice) made for the most 
part from timothy, and a grain mixture com- 
posed of the same feeds but containing 18.5 
per cent protein. All cows had received quite 
similar rations prior to the start of the experi- 
ment. Alfalfa hay had been fed, generally of 
medium quality, along with silage and the 
simple grain mixture. 

The change-over to the specified feeding pro- 
grams was accomplished in a gradual manner 
during January, so that by the first week in 
February all animals had been fed for some 
days according to schedule. It was possible 
to carry on the experiment until April 19. 
During February, March, and April, the aver- 
age consumption of feeds per day for the 6- 
cow group receiving alfalfa hay was approxi- 
mately 15 lb. of alfalfa hay, 52 lb. of silage, 
and 9.5 lb. of grain. The other group of 6 cows 
consumed an average per day of approximately 
14.3 lb. of timothy hay, and 18.0 lb. of grain. 
The average milk production per day for the 
group receiving alfalfa hay and silage was 
32.7 lb. for the first week of February and 
27.0 lb. during the last week of the experiment. 
This group averaged 30.4 lb. per day (range 
20.5 to 50.8 lb.) for the period covering Febru- 
ary, March, and part of April. The average 
production for the 6 cows in the timothy hay 
fed group was 27.5 lb. per day (range 21.4 to 
33.7 lb.) for the same period. The average for 
the first week of February was 35.7 lb. per 
day and 23.3 lb. per day during the last week 
of the experiment. 

An effort was made to pick the best quality 
alfalfa hay available to feed to the group as- 
signed to this type of ration. That fed during 
March was among the best obtained during 
the experiment. Prior to and after this period, 
much of the hay was of secondary quality. 
Almost all the grass hay was of rather poor 
quality. Analysis indicated that it contained 
2.9 we. per gram of carotene and 4.5 per cent 
protein. An exception to this was the hay 
fed to this group of cows on April 1 and 2 
when it was of better quality and contained 
some clover. Analysis then showed the pres- 
ence of 8.8 ug. per gram of carotene and 8.9 
per cent protein. 

Acid Production by Streptococcus Agalactiae 
in Milk Samples.—Quarter milk samples were 
collected aseptically at weekly intervals, being 
obtained three to four hours after usual morn- 
ing milking. Duplicate 10-ml. Hotis tests? were 
set up and 1 of each pair was inoculated with a 
culture of Str. agalactiae. This was followed 
by incubation at 37 C. for twenty-four hours. 


ACTIVITY OF STREPTOCOCCUS AGALACTIAE IN MILK 487 


The culture was carried from week to week 
on beef extract liver infusion blood agar. It was 
inoculated from the agar into dextrose broth 
and after 24-hour incubation at 37 C. another 
tube was inoculated from the first. Twenty-four 
hours later this latter broth culture was used 
to inoculate the Hotis test. A straight plati- 
num wire needle was used to accomplish this 
inoculation. These procedures, which were 
arrived at by trial and error, resulted in suffi- 
ciently limited reactions in the milk samples 
to permit differences to be detected between 
samples in suitability as media for Str. agalac- 
tiae. Following incubation of the Hotis tests 
for twenty-four hours at 37 C., the quantity of 
6.1 N sodium hydroxide solution was deter- 
mined which was required to neutralize the 
acid and return the samples to approximately 
their original color. The duplicate tubes pro- 
vided some assistance in deciding the color 
back to which inoculated samples from un- 
infected animals should be titrated. They pro- 
vided also some indication as to whether the 
samples were already infected with Str. agalac- 
tiae. 

The average quantities of 0.1 N sodium hy- 
droxide solution required to neutralize the acid 
formed in the inoculated milk samples from 
the two groups ef cows are presented graphi- 
cally (fig. 1). During the first eight weeks, 
between December 30 and February 21, samples 
were available from 12 cows, 6 in each group. 
There was a total of 22 quarters from which 
satisfactory samples were obtained from the 
cows receiving the timothy hay and grain ra- 
tion and 23 among those in the other group. 
Beginning with the test of February 28, all 
16 cows were included as the other 4 had 
freshened. This brought the total quarters up 
to 30 in the timothy hay group and 31 in the 
other group. The graph (fig. 1) shows the 
results obtained for the two 6-cow groups con- 
tinuously throughout the experimental period 
and also for the groups after the 2 additional 
cows had been added to each group. 

The average figures for the two groups were 
rather similar during the first eight weeks. 
On January 26 and February 2, unusually large 
quantities of sodium hydroxide were needed, 
which it was believed were due to variations 
made in conducting the test. Milk samples 
from the group receiving the better quality 
roughage (alfalfa hay and silage) consistently 
were less suitable on the average for acid pro- 
duction by Str. agalactiae than those from the 
group fed the pocr quality hay beginning with 
the test conducted in the ninth week (Feb- 
ruary 28) and continuing for the remaining 
seven weeks of the experiment. For the eight 
tests made during this period, the average 
quantity of sodium hydroxide required to neu- 
tralize the acid in the samples from the 6-cow 
group fed timothy hay was 2.19 ml. and for 
the samples from the group receiving alfalfa 
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hay and silage 1.64 ml. The average quantities 
required for the groups with the 2 additional 
cows in each were 2.33 ml. in the case of those 
receiving the timothy hay and 1.69 ml. for the 
others. The average differences between the 
quantities of sodium hydroxide for the 6-cow 
groups was 0.55 ml. and with the extra cows 
0.64 ml. which, respectively, represent 33.5 per 
cent and 37.8 per cent greater quantities re- 
quired to neutralize the samples frem_ the 
animals receiving the least desirable ration. 
Differences were observed in the milk of indi- 
viduals within the groups that apparently were 
unrelated to the feed, and in the case of some 
animals variations existed between milk sam- 
ples from different quarters. 

The results were submitted to statistical anal- 
ysis using Students t-test® by comparing the 
figures obtained on each test date. There were 
no significant differences between the figures 
obtained in the weekly tests for the 6-cow 
groups for the first 11 tests (December 30 to 
March 7). The differences were significant at 
the 1.0 per cent’ level on March 15, at the 5.0 
per cent level on March 22, and at the 1.0 
per cent level on March 29. They were insig- 
nificant on April 4, but were significant at the 
5.0 per cent level the following week and again 
were insignificant on April 19. When all 8 
cows were included in each group, the differ- 
ences were insignificant for the first two tests 
(February 28 and March 7) and also on April 4. 
The differences were significant at the 1.0 per 
cent level on March 15, 22, 29, and April 12 
and at the 5.0 per-cent level on April 19. The 
differences between the combined results for 
the last eight tests (February 28 to April 19), 
both in the case of the 6-cow groups and with 
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2 additional cows in each group, were signifi- 
cant at the 1.0 per cent level. 

Incidence of Mastitis—Two of the 8 
cows in the group which received alfalfa 
hay and silage had slight manifestations 
of mastitis in one quarter each. One had a 
slightly swollen quarter (RR) which pro- 
duced milk containing a little sediment in 
the foremilk on March 7 and 8. Later, on 
April 19, the pH of the milk sample from 
this quarter was observed to be abnormally 
high. A limited number of staphylococci 
were present in samples from this quarter. 
The other cow was shedding Str. agalactiae 
when placed on experiment. Increasingly 
stronger Hotis reactions in uninoculated 
tests were obtained until March 15, on 
which date the milk sample was excessively 
alkaline in reaction. This abnormality was 
detected in samples collected during the 
following three weeks but later they were 
normal in this respect. Two cows in this 
group had past histories of mastitis, but 
neither gave visible evidence of clinical 
mastitis during the experimental period. 
One had lost a quarter due to injury. The 
other had produced abnormal milk in each 
quarter at some time during previous lacta- 
tions. She persistently shed Str. agalactiae 
from two quarters and staphylococci from 
one quarter. 

Evidence of mastitis was manifested by 
seven quarters in 5 cows among the 8 in 
the group fed timothy hay for roughage. 
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Fig. |—Average quantities of sodium hydroxide required to neutralize the acid formed by Strepto- 
coccus agalactiae in milk samples from cows fed alfalfa, silage, and moderate quantities of grain, 
versus cows fed low quality timothy hay and heavy grain feeding. 


| 
| 
| 
| 
i 364 
302 
3.0 
2.8 \ 
\ 
2.6 ry 
\ / 
~ ve 
1.4 
1.2 
1.0 
19 26 5 2 é 29 4/4 


Am. J. Ver. Res. 
OCTOBER 1952 


The milk from one quarter on 1 of the 
cows, which freshened after the experiment 
was in progress, was noticed to be limited 
in quantity at freshening and samples were 
abnormally alkaline in reaction. This quar- 
ter produced only limited quantities of milk 
during the remainder of the experiment. 
Samples from one quarter of another cow 
were abnormally alkaline in reaction on 
March 22. Many samples, obtained from a 
third cow, were somewhat watery in ap- 
pearance and of abnormally high pH, par- 
ticularly during the later weeks of the 
experimental period. Both these latter cows 
had histories of mastitis associated with 
Str. agalactiae during previous lactations. 

A fourth cow produced watery appearing 
milk containing numerous flakes or clots 
in one quarter for a week during the middle 
of April. During this period, a Strepto- 
coccus which did not produce acid reactions 
in Hotis tests was present in the samples 
from the affected quarter in considerable 
numbers. The fifth cow in the group to 
be affected had an acute attack in one 
quarter (LR) on March 5, at which time 
only serum and clots were obtained for 
two days. A Staphylococcus was present 
in. the samples collected shortly after the 
attack. This cow had had an acute attack 
in one quarter (RR) associated with coli- 
form organisms two years previously from 
which she made an uneventful recovery. 
Streptococcus agalactiae was detected for 
the first time in samples obtained from her 
on March 15, at which time they were 
present in milk from the right front quar- 
ter. This organism continued to be shed 
by this quarter throughout the remainder 
of the experiment. 

DISCUSSION 

The observation that the milk from the 
animals which were consuming the better 
quality roughage and smaller quantities of 
grain apparently was more resistant, on 
the average, to the action of the streptococci 
is not of much significance unless a rela- 
tionship exists with infection entry or 
clinical manifestations of mastitis. While 
extensive information could not be obtained 
in this limited study, it is of interest that 
the incidence of clinical cases was highest 
in the group receiving the poorer qualty 
roughage and larger quantities of grain, 
even though Str. agalactiae was not alone 
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involved in these cases. Perhaps the bene- 
ficial influence on the health of calves of 
adequate proportions of good quality rough- 
age in their diet? may be reflected in cows, 
such as increased resistance to mastitis 
through increased resistance of their mam- 
mary secretions to activity in them of some 
of the microérganisms which are patho- 
genic for the udder. 


SUMMARY 


Milk samples collected at weekly inter- 
vals from two groups of 8 cows each were 
compared for suitability for acid produc- 
tion by Streptococcus agalactiae. One group 
received fairly good quality alfalfa hay, 
meadow crop silage, and moderate quan- 
tities of grain and the other group rather 
poor quality timothy hay and much heavier 
grain feeding. Brom cresol purple indi- 
cator was added to 10 ml, of quarter milk 
samples (Hotis test) ; these were inoculated 
with Str. agalactiae and following 24-hours 
incubation, 0.1 N sodium hydroxide solu- 
tion was used to titrate the tests back to 
approximately their original color. The 
procedure was considered to offer a measure 
of the comparative resistance of the milk 
to activity of this mastitic infection and 
indirectly a possible measure of resistance 
of the animals to mastitis associated with 
this organism. 

Beginning with the test conducted in the 
ninth week and continuing for the seven 
remaining weeks of the experiment, milk 
samples from the group receiving the 
alfalfa hay, silage, and moderate quantities 
of grain required on the average less so- 
dium hydroxide to neutralize the acid 
formed than did the samples from the other 
group of cows. For the eight tests made 
during the last seven weeks, the average 
quantity of 0.1 N sodium hydroxide re- 
quired for the samples from the group 
fed the timothy hay above that for the 
group receiving alfalfa hay and silage was 
0.55 ml. in the case of 6 cows in each group 
which milked throughout the experiment 
and 0.64 ml. for the complete groups of 
8 cows. These figures respectively repre- 
sent 33.5 per cent and 37.8 per cent greater 
quantities. Differences were observed in 
the milk of individuals within the groups 
that apparently were unrelated to the feed. 

Two cows in the group receiving alfalfa 
hay silage and grain had slight manifesta- 
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tions of mastitis in the quarter each dur- 
ing the experimental period. Evidence of 
mastitis was manifested by seven quarters 
on 5 cows among those receiving the timo- 
thy hay and grain. 
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Variations in the Resistance of Milk to the Activity 
of Streptococcus Agalactiae 


W. D. POUNDEN, D.V.M., Ph.D. 


Beltsville, Maryland 


IN A PREVIOUS STUDY, milk samples from a 
group of cows fed alfalfa hay, forage crop 
silage, and moderate quantities of grain 
were observed to be more resistant, on the 
average, to the production of acid in them 
by Streptococcus agalactiae than samples 
from a similar group of animals receiving 
poor quality timothy hay and heavier grain 
feeding.’ The idea of exposing milk sam- 
ples to the action of Str. agalactiae stemmed 
from efforts to find a method for measuring 
the relative resistance of animals to this 
organism without direct exposure of them. 
During the above study, it was evident that 
factors other than feed were responsible 
for some of the differences between samples 
from different animals, and between sam- 
ples from the same individual at different 
times. By necessity, the investigation ended 
after less than 4 months duration. 

The present report concerns observations 
made on milk samples from a number of 
animals in another herd over a period of a 
year. Emphasis was placed on the study 
of individual animals and several were 
followed through complete lactations. 


EXPERIMENTAI 


The same methods in general were followed 
as outlined previously.” However, only alfalfa 
and timothy hays and grain were used for 
feeding the cows. All animals had received 
timothy and clover hay prior to the start of 
the experiments. 

An effort was made to pair off the majority 
of the cows into two groups, depending on their 
breed, age, and stage of lactation. The animals 
were of Holstein-Friesian and Guernsey-Jersey 
breeding. One group received no. 1 alfalfa hay, 
free choice, and a grain ration containing 
16.0 per cent protein composed of corn, oats, 
bran, cottonseed meal, linseed and soybean oil 
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meals, bone meal, and salt. The other group 
received timothy hay with some clover in it, 
at times, and a grain ration composed of sim- 
ilar feeds received by the first group but con- 
taining 18.0 per cent protein. 

Animals fed timothy hay received approxi- 
mately 1 lb. of grain for each 2.5 to 3 lb. of 
milk produced, whereas those on alfalfa hay 
were fed at the rate of approximately 1 Ib. cf 
grain for each 3 to 4 lb. of milk produced, but 
in no case was 14 lb. per day exceeded. The 
hay samples were collected weekly, grouped by 
months, and analyzed for protein and carotene 
content. The protein content of the alfalfa 
ranged between 10.4 and 19.99 per cent, with 
an average of 17.51 per cent. The protein in 
the timothy hay ranged between 5.52 and 8.64 
per cent, with an average of 7.16 per cent. 
Carotene levels of the alfalfa varied from 9.5 
to 30.4 wg. per gram and averaged 18.3 yug.; 
those of the timothy, between 2 and 5.5 wg. per 
gram with an average of 4.2 ug. 

Quarter milk samples were collected asepti- 
cally approximately three hours after the 
morning milking once each week. Duplicate 
milk samples were prepared after the manner 
of the Hotis test.' One of each pair was inocu- 
lated with a 24-hour serum broth culture of 
Str. agalactiae. The culture was the same as 
the one used in the earlier study.’ The stock 
culture was carried on blood agar. Prepara- 
tion of the broth culture used for inoculating 
the milk samples was accomplished by trans- 
ferring the culture to serum broth five days 
before it was to be used, repeating the transfer 
the next day and making the next and final 
transfer the day before use. Inoculation of 
the milk samples was carried out by use of a 
straight platinum wire. They were titrated 
back to approximate their original purple color 
after twenty-four hours of incubation at 37 C., 
using 0.1 NaOH sclution. The weekly milk 
samples were examined bacteriologically by 
plating directly onto blood agar. 


RESULTS 


Effect of Feed.—The weekly averages of 
the quantities of 0.1 N NaOH solution re- 
quired to neutralize the acid formed in 
the milk samples from the animals fed the 
two types of hay were compared. Both 
types of hay were available from Nov. 15, 
1950, to Sept. 10, 1951. During the first 
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ten weeks ending January 23, milk samples 
from the group receiving the alfalfa re- 
quired a higher average quantity of NaOH 
to neutralize the acid resulting from activ- 
ity of Str. agalactiae than those from the 
timothy group. The figures were 3.72 ml. 
for the former and 3.26 ml. for the latter. 
For the ten weekly tests beginning January 
30, samples from the group fed alfalfa hay 
consistently required less NaOH solution 
to neutralize the acid than those from the 
others, the values being 3.03 ml. and 3.29 
ml., respectively. There was little differ- 
ence between the figures for the following 
five weekly tests. Then a repetition of the 
previous period occurred and for four tests, 
milk samples from the alfalfa group re- 
quired less NaOH solution, the average 
amounts being 3.31 ml. and 3.61 ml. For 
the eight weekly tests conducted between 
June 12 and July 31, there was little dif- 
ference between the averages, which were 
3.75 ml. and 3.79 ml. Samples from the 
alfalfa group again required less NaOH at 
the time of the next three tests, the average 
values being 3.50 ml. and 3.81 ml. There 
were no differences between the groups 
for the following three weekly checks, the 
last of which was conducted on September 
11 when alfalfa feeding was discontinued. 
During two of the first three weeks that 
both groups received timothy hay, near the 
end of the period of observation, the aver- 


ages reversed. This was the first time 
that they had done so to any appreciable 
degree since the test of January 23 con- 
ducted more than seven months before. For 
the alfalfa and timothy groups the average 
figures for the whole period of observation 
were 3.55 ml. and 3.58 ml., respectively, 
and 3.38 ml. and 3.54 ml. for the period 
between January 23 and September 11. 
The indication that the milk from the 
alfalfa hay group was a little more re- 
sistant to Str. agalactiae activity, once the 
animals had been fed this hay for several 
weeks, was not considered to be of much 
consequence as even the greatest weekly 
test difference during this period was less 
than 20 per cent. The results therefore did 
not reflect marked differences between the 
two rations in their ability to influence the 
resistance of the milk to the action of 
Str. agalactiae, such as was obtained when 
much greater extremes in rations were 
used.? Milk production of the animals re- 
ceiving the alfalfa hay generally was higher 
than that of the animals getting timothy. 
Effect of Age and Breed.—Comparison 
was made of the ability of various animals 
and groups to produce milk which was rela- 
tively resistant to the activity of Str. 
agalactiae. In making this comparison, note 
was taken of the first month after freshen- 
ing in which the average quantity, for the 
month, of 0.1 N NaOH required to neu- 


TABLE I—Average Amount of 0.1 N NaOH Required to Neutralize the Acid Formed by Streptococcus Agalac- 
tiae in Milk Samples, Average Daily Milk Production, and Time That Visible Symptoms of Mastitis Were Present 


in Holstein-Friesian Heifers 


Lactation-Month 
and Cow : 3 4 


400 

Fr. 2-18-51 NaOH (ml.) 3.20 
Calf 1 

Timothy Milk (Ib.) 31.60 


405 

Fr 12-24-50 NaOH (ml.) 

Calf 1 

Timothy Milk (Ib.) 30.50 


406 

Fr. 3-24-51 NaOH (ml.) 2.86 

Calf 1 

Alfalfa Milk (Ib.) 36.10 

414 

Fr. 1-14-51 NaOH (ml.) 2.71 

Calf 1 

Alfalfa Milk (1b.) 32.20 
Mastitis (days) 0.0 

188 

Fr. 5-2-51 NaOH (ml.) 3.77 4.42 

Calf 2 


Alfalfa Milk (1b.) 50.70 44.50 
Mastitis (days) 0.0 lle 


=micrococci; = Str. agalactiae; = coliform. 


5 5 7 9 10 


5.13 5 4.80 (1 test) 
15.60 - 11.40 (1 week) 


4.69 4.85 
19.00 11.80 


4.05 
21.50 


4.59 i 5.3 5.97 (1 test) 


28.60 20. 5.90 13.0 (1 week) 
2 (1 week) 


i 
25.70 22.30 21.70 4 
3.18 3.75 3.31 3.66 4.78 
31.60 27.00 24.90 24.80 20.10 
3.57 3.56 3.47 4.29 
34.30 31.40 30.10 25.10 ers . 
3.57 4.20 4.53 4.88 ee 
1* 2a 4° 
33.20 31.70 24.40 23.00 
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tralize the acid formed in the samples was 
4 ml. or greater, as 4 ml. seemed to be a 
suitable borderline. The data concerning 
one lactation each for 15 of the 22 animals 
are shown in tables 1, 2, and 3. Data for 
the remaining 7 animals, and parts of other 
lactations, are not presented in tabular form 
as they had but minor additional value be- 
cause of the shortness of the period of 
observation or other limiting factors. 

There were 9 first-calf Holstein-Friesian 
heifers and data for 4 are presented in 
table 1. Two of them (405 and 406) pro- 
duced milk which on the basis of the 4-ml. 
level was relatively resistant to the produc- 
tion of acid until the sixth month of lacta- 
tion, when their monthly averages first 
reached 4 ml. Two others (400 and 414) 
produced milk of similar resistance until 
the fourth month after freshening. Data 
began with the fourth month of lactation 
on another animal (188). From the avail- 
able information, it appeared that her fifth 
month probably was the first in which an 
average of 4 ml. was reached. Two addi- 
tional heifers also produced milk which was 
relatively resistant during a little more 
than their first two months after freshen- 
ing, which was the extent of the period 
that they were observed. The remaining 
2 heifers, which were also observed for 
only limited periods after freshening, were 
observed to produce milk which lacked re- 
sistance at first compared to the others, 
as in both instances monthly average figures 
in excess of 4 ml. were obtained. 

Only 1 Holstein-Friesian (188) was ob- 
served during her second lactation. An 
average of more than 4 ml. NaOH was 
recorded for the second month after fresh- 
ening (table 1). 

As shown in table 2, among the 5 Guern- 
sey-Jersey animals in their second and third 
lactations, only 1 (71) fairly early in the 
lactation period produced milk that sup- 
ported activity of the streptococci to the 
extent that a monthly average of 4 ml. 
NaOH was required to neutralize the acid. 
This first occurred during the fifth month. 
Three others (47, 77, and 79) produced 
milk of similar characteristics but not until 
the end of their lactations nine months or 
more after freshening. The remaining 1 
(87) never produced milk which averaged 
as much as 4 ml. NaOH per month during 
this lactation period. 

There were 8 mature Holstein-Friesian 
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cows and data on 5 are shown in table 3. 
All of them had histories of having had 
mastitis, caused by experimental inocula- 
tions, during previous lactations. Informa- 
tion was available on 2 for parts of two 
lactations each, making a total of ten lacta- 
tions, or parts of lactations, to be included 
for this group. Average monthly quantities 
of NaOH of 4 ml. or more were recorded 
during the first month of their lactation in 
2 animals (36 and 50), and in 1 (78) in 
the second month. Similar quantities were 
recorded in both lactations of 1 cow (6) 
during the third month, and in those of 3 
cows (18, 78 and 805) during the fourth 
month after freshening. The remaining 2 
(905 and 924) never produced milk which 
needed as much as an average per month 
of 4 ml. to neutralize the acid formed by 
the streptococci inoculated into it. 

Thus the majority of the first-calf Hol- 
stein-Friesian heifers produced milk of 
relatively greater resistance during the 
earlier months of lactation than the 1 ani- 
mal of similar breed in her second lactation 
and the older cows. The Guernsey-Jersey 
cows, during the earlier months of their 
lactations, produced milk which was even 
less suitable on the average for the activity 
of Str. agalactiae than that of the Holstein- 
Friesian heifers. 

The trend of the NaOH figures was up- 
wards, indicating lessening resistance of 
the milk as lactations progressed -in the 
majority of the animals. This was true of 
all the Holstein-Friesian heifers that were 
followed during the major part of a lacta- 
tion period with probably one exception 
(188) for which the data were incomplete. 
Three of the Guernsey-Jersey cows and 4 
of the mature Holstein-Friesian cows fol- 
lowed the same pattern, even though some 
did so to a much less degree. 

One Guernsey (79) and 2 mature Hol- 
stein-Friesians (18 and 50) had compara- 
tively marked and sudden reduction in the 
resistance factors of their milk at the end 
of the lactation. Two others (47 and 77) 
in the Guernsey-Jersey group had a few 
unusually high readings for NaOH quan- 
tities during the last few weeks of the 
lactation. Production of milk per day was 
very low in both of the Holstein-Friesians, 
and in 1 of the Guernseys at this time. Two 
of these animals (50 and 79) were among 
those that maintained a steady, relatively 


i 
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high resistance of their milk until the 
sudden loss occurred. Both animals also 
had been milked once per day during the 
last week of their lactations. 

The two examples in figure 1 demon- 
strate some pertinent details such as weekly 
test variations, and differences between in- 
dividuals in trends, as lactation progressed, 
of NaOH requirements for neutraliizing 
the acid produced in their milk samples 
and their milk production. 

Influence of Milk Production.—The level 
of the resistance of milk samples to the 
activity of Str. agalactiae appeared to be 
related to some extent to the level of milk 
production of the animals (tables 1, 2, and 
3). For one thing, the Guernsey-Jerseys 
were all comparatively poor producers and 
there was only 1 for which a figure of 4 ml. 
was obtained during the earlier months of 
her lactation. This one was the youngest 
of the 5, was one of the best and more per- 
sistent milkers, and the gradual loss of 
resistance in her milk was more pronounced 
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than the others. For another, comparison 
of the heifer (188) which was observed 
during parts of her first two lactations 
showed that the lower resistance of the milk 
produced during the second lactation was 
accompanied by much greater production, 
at least during the earlier weeks and be- 
fore she had mastitis. Then again, the 
heaviest producer among the first-calf 
heifers (414) had the earliest and largest 
gradual loss in the resistance of her milk 
as her lactation progressed. She had been 
further handicapped because her calf had 
to be removed by cesarean section. Com- 
parison of the effects of milk production 
on the resistance of the milk of the older 
cows was of limited value because of their 
previous exposure to mastitis. This un- 
doubtedly hampered the production of some 
of them. The 1 animal (50) of this group 
which did not produce visibly abnormal 
milk maintained a rather even and mod- 
erate level of resistance of her milk and 
was also a rather poor milk producer. 


TABLE 2—Average Amount of 0.1 N NaOH Required to Neutralize the Acid Formed by Streptococcus Agalac- 
tiae in Milk Samples, Average Daily Milk Production, and Time That Visible Symptoms of Mastitis Were Present 
in Guernsey-Jersey Cows 


Lactation. 
Month 
and Cow 


47 NaOH 
(ml.) 
Milk 
(Ib.) 
Mastitis 
(days) 


Fr. 1-10-51 


Calf 2 
Timothy 


71 NaOH 
(ml.) 
Milk 
(1b.) 
Mastitis 
(days) 


Fr. 1-29-51 


Calf 2 
Alfalfa 


77 NaOH 
(ml.) 
Milk 
Mastitis 
(days) 


Fr. 1-26-51 


Calf 3 
Timothy 


NaOH 
(ml.) 
Milk 
Mastitis 
Alfalfa (days) 
87 NaOH 
(ml.) 
Milk 


Fr. 1-14-51 
29.60 
Calf 3 

Timothy 


a microcoeci; ©» = hemolytic Staphylococcus; °* 


10 


3.31 2.48 3.95 4.35 (2 tests) 


19.90 20.90 16.00 15.00 (2 weeks) 


0.0 1.00 1.00 (2 weeks) 


4.05 
24.60 


11.60 11.00 


0.0 
2.36 


2.92 


17.40 10.70 


0.0 


10.50 


atypical Streptococcus. 


] 
] 
1 2 3 4 5 6 7 8 9 | | 
| 
35.10 32.70 28.30 24.20 19.80 
0.0 3a 0.0 1.00 0.0 0.0 
1.75 2.68 2.74 3.02 4.11 4.20 4.19 4.87 
29.90 27.30 26.70 25.00 22.20 21.50 16.50 13.80 an% 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 48 : p i 
2.68 3.12 2.53 3.75 3.53 3.42 3.71 3.46 4.87 ; an 
22.90 17.80 15.00 15.60 13.40 6.70 5.40 
1.00 1» 4> 4” 1» 0.0 0.0 
2.69 2.01 2.12 2.30 1.93 1.95 mz 5.86 
20.40 27.00 22.60 21.30 21.20 18.20 6.5 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 = 4° . : 
2.27 2.22 2.50 2.48 2.33 2.64 2.73 3.45 3.64 ; vec . 
24.20 17.50 17.40 13.80 9.50 7.30 6.10 
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CLINICAL AND ASSOCIATED BACTERIOLOGICAL 
OBSERVATIONS 


Holstein-Friesian Heifers (First and Sec- 
ond Calves).—Clinical cases developed in 
3 of these animals. One of them was 
under observation for only the first three 
months of her lactation and during this 
period her milk lacked resistance to acid 
production by Str. agalactiae. For six days 
immediately after freshening her udder 
was comparatively firm and flakes were 
present in the foremilk. Bacteriological 
examinations showed the presence of micro- 
cocci in the samples from the affected 
quarter. 

In the second heifer (414), all four quar- 
ters were involved. She produced foremilk 
containing some flakes and sediment on 23 
occasions between the third and eighth 
months after freshening (table 1). In the 
latter month, she also suffered a moderately 
acute attack in the left front (LF) quarter 
with swelling and milk changes that per- 
sisted for a week. She had a second, less 
severe attack during the following month 
in the right front (RF) quarter. Micro- 
cocci and diptheroids were the only bac- 
teria isolated from her samples until the 
tenth month and these were persistently 
present before abnormal secretions were 
first detected. Early in the tenth month, 
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Str. agalactiae was recovered from the 
right rear (RR) quarter. The resistance 
of her milk to Str. agalactiae activity grad- 
ually decreased during the lactation (fig. 
1). From the fourth month on, there were 
several instances when the weekly NaOH 
figures reached 5.0 ml. A couple of days 
before the attack near the end of her 
eighth month of lactation, a reading of 6.15 
ml. was obtained. The week previous it 
was 5.90 ml. During the period when the 
second acute attack occurred, the readings 
again were between 5.0 and 6.0 ml. 

The heifer (188) which was observed 
during parts of her first two lactations had 
a total of eight days during the last five 
months of her first lactation when a few 
flakes were present in forémilk samples. 
During this period, the resistance factors 
for activity of Str. agalactiae in her milk 
had gradually improved and it was not 
possible to note a relationship. between the 
test figures and the times when the flakes 
were present. The only organisms isolated 
from her milk samples were micrococci and 
diptheroids. Clinical symptoms were absent 
during the first eight weeks after she 
freshened the second time, but she then 
suffered a severe sudden attack in the RF 
quarter. A few colonies of coliform organ- 
isms were the only bacteria obtained from 


TABLE 3—Average Amount of 0.1 N NaOH Required to Neutralize the Acid Formed by Streptococcus Agalac- 
tiae in Milk Samples, Average Daily Milk Production, and Time That Visible Symptoms of Mastitis Were Present 
in Mature Holstein-Friesian Cows 


Lactation-Month 

and Cow 

NaOH (ml.) 

Milk Ib.) 

Mastitis (days) 

Alfalfa 


18 NaOH (ml.) 
Fr. 2-10-51 Milk (Ib.) 


Calf 4 


Mastitis (days) 
Timothy 


36 NaOH (ml.) 
Fr. 3-17-51 Milk (Ib.) 


Calf 5 


Mastitis (days) 
Alfalfa 


50 NaOH (ml.) 


Fr. 11-27-50 Milk (lb.) 
Calf 3 
Timothy 


39.00 40.00 


NaOH (ml.) 3.13 3.00 
Milk (Ib.) 34.00 41.70 
Mastitis (days) 30" 3lee 


805 

Fr. 11-30-50 
Calf 6 
Alfalfa 


10 


3.15 3.64 4.44 (2 tests) 
14.70 8.80 6.60 (2 weeks) 
26¢ 15¢ 7 (2 weeks) 
4.98 
10.00 


5.64 
2 (tests) 
7.00 
(2 weeks) 
3 
2 weeks) 


5 


4.89 4 36 
(1 test) 
20.00 


(1 week) 


20.90 


7 
(1 week) 


3.35 3.74 
2 tests 
2.00 


20.50 
(2 weeks) 


13.50 


4.03 4.28 4.39 5.36 (1 test) 
34.20 22.40 19.00 17.50 (1 week) 
27° 30c 7 (1 week) 


NR =no record; * = Str. agalactiae; > = Str. dysgalactiae; ¢ = Sir. uberis. 


it 
| 
| 
| 1 2 3 4 5 6 7 8 9 ] 
4 
I NR 2.36 4.23 3.33 2.89 3.86 2.91 
\ ; NR 42.70 30.80 27.10 23.00 19.60 17 .80 
po 2.76 3.42 3.46 4.53 4.60 4.40 5.10 
21.10 22.10 21.30 21.10 17.00 14.00 11.40 
56.00 61.40 50.20 38.80 31.00 26.60 
ee 4.11 3.14 3.09 3.95 

3.85 4.15 

39 00 36 80 

30" 
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samples from the affected quarter when 
inoculated directly onto blood agar. Prior 
to the attack, micrococci frequently were 
present in samples from this quarter. Milk 
production which had been in excess of 50 
lb. per day at the time of the attack dropped 
to half this quantity but slowly increased 
to 35 lb. The resistance factors for activity 
of Str. agalactiae in her milk had gradually 
decreased so, that by the end of the seventh 
week after freshening, the average quan- 
tity of NaOH solution required to neutralize 
the acid formed in the quarter samples was 
5.15 ml. The figures obtained during the 
previous weeks were 4.35, 3.45, 3.40, 3.30, 
4.30, 3.85, and 4.75 ml. The attack grad- 
ually subsided but mild clinical symptoms 
such as flakes in the milk were present for 
the next six weeks. The quantities of NaOH 
required for neutralizing the acid formed 
in the tests tended to be lower during the 
next several weeks after the attack and 
the sharp drop in milk production, but they 
began to increase later. For four days dur- 
ing the sixth month flakes again were 
present in foremilk samples. During this 
period, Str. agalactiae was recovered from 
samples from the previously affected quar- 
ter (RF) and from another left rear (LR). 
Guernsey-Jerseys (Second and Third 
Calves).—One animal (87) had no mani- 
festations of mastitis. Another (47) pro- 
duced milk which contained a few flakes on 
six occasions, two of these being at the 
end of her lactation when two unusually 
high NaOH readings for her, namely, 5.0 
and 5.7 ml., were obtained. A Micrococcus 
was present in the abnormal samples and 
in the samples prior to this. A third (79) 
produced milk having a few flakes during 
the last week of her lactation when she was 
being milked once per day and at the time 
when the resistance factors in her milk 
had just taken a sharp drop (fig. 1). An 
atypical Streptococcus was present in the 
samples from the affected quarter. A fourth 
animal (77) had some flakes in foremilk 
samples on a total of thirty-eight days, 
most of them during the second month of 
the lactation. She persistently shed from 
the affected quarters hemolytic staphylo- 
cocci that were coagulase-positive. A rela- 
tionship was not noticeable between the 
resistance factors of her milk for Str. 
agalactiae activity and the occurrence of 
the abnormal milk. The fifth cow (71) had 
a mild attack in the RF quarter which per- 
sisted for four days during her ninth month 
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of lactation. This occurred during the week 
following the first time that the quantity 
of NaOH required to neutralize the acid 
formed by Str. agalactiae in her milk had 
reached 5.0 ml. Micrococci were present 
in samples from this quarter prior to the 
attack and also in the abnormal milk 
samples. 

Mature Holstein-Friesians.—All 8 of the 
mature animals had been experimentally 
exposed to Str. agalactiae or other mastitis 
infections during previous lactations with 
the result that all had diseased conditions 
of their udders of varying severity. One 
of them (50) gave no visible manifesta- 
tions of mastitis throughout the lactation, 
although there were some small but definite 
areas of fibrosis in her udder and she shed 
Str. agalactiae in moderate numbers at all 
observations. Quantities of NaOH used in 
the weekly resistance observation of the 
milk seldom were as high as 4 ml., and 
never were more than slightly above this 
figure except during the last two weeks 
when production was very low and an 
extreme rise occurred. 

The average NaOH figures for two (924 
and 905) were relatively moderate but on 
a number of occasions during the later 
months of their lactations, more than 4 ml. 
was obtained, sometimes as much as 4.7 
ml. for weekly tests. During the later 
months, visibly abnormal foremilk samples 
were obtained from both animals on nu- 
merous days. Streptococcus agalactiae was 
shed by both and also Streptococcus dysga- 
lactiae by cow 905. 

Four cows (6, 36, 78, and 805) which 
had freshened four to six times each suf- 
fered from mastitis of varying degrees 
most of the time during the period of ob- 
servation. All received treatments with 
antibiotics at variovs times. Readings 
above 4 ml. were frequent and many were 
up to 5 ml. All shed Str. agalactiae, 3 shed 
Streptococcus uberis; and 1, Str. dysgalac- 
tiae. As lactation progressed, the upward 
trend in quantities of NaOH required to 
neutralize the acid formed in milk samples 
by Str. agalactiae, which was frequently 
observed in the younger animals, was not 
apparent or only in slight degree in these 
4 cows. In another cow (18), however, 
this trend was observed in samples ob- 
tained during her third and fourth lacta- 
tions. A sharp rise in NaOH occurred 
as she went dry at the end of her third 
lactation, at which time readings in excess 
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of 5 ml. were obtained. A small quantity 
of flakes was present in foremilk samples 
on one occasion during the last month and 
Str. agalactiae was recovered a number of 
times. When she freshened for the fourth 
time, abnormal milk which was associated 
with Str. agalactiae and Str. dysgalactiae 
was produced from the beginning for over 
a month: Only moderately low readings for 
NaOH were obtained at this time and it 
was not until the fourth month that more 
than 4 ml. was recorded. She recovered 
from the clinical symptoms without treat- 
ment prior to this but three months later 
had recurrences. There was a marked 
trend upwards in NaOH throughout this 
lactation until as much as 6 ml. was re- 
corded. This occurred even though milk 
production was low. This was similar to 
the trends in quantities of NaOH as seen 
in the younger animals but in them it ap- 
peared that marked upward trends accom- 
panied heavier and‘persistent production. 


DISCUSSION 


The influence of an inheritance factor 
on the resistance of milk to Str. agalactiae 
which cows could maintain might be ex- 
pected. Possibly the present data lends 
some support for the idea because of the 
difference between individuals, particularly 
during the few weeks after their first 
freshening, and- the breed difference en- 
countered in animals under the same gen- 
eral environment. 

The level of milk production seemed to 
offer a reasonable explanation for some of 
the variations observed in resistance of 
the milk even though there were a few 
exceptions such as was provided by the 
record of cow 18. Her milk production 
dropped off rather markedly as did the 
level of resistance. There were no instances 
of the opposite trend, that is, of excellent 
production with greatly retained resistance 
so perhaps her record was influenced by 
other factors. 

The data obtained in the previous experi- 
ment was the strongest indication that 
feed variations can play a part in resist- 
ance. Should the quality and quantity of 
roughage ingested in proportion to the 
intake of grain be a factor, then the failure 
to obtain a sizeable difference between the 
groups of animals on the two types of 
roughage in the present report needs an 
explanation. Perhaps this may be provided 


Am. J. Ver. Res. 
OcTOBER 1952 


by the fact that the milk production was 
stimulated to greater levels by the better 
quality roughage and thus greater demands 
followed for resistance factors. Although 
the alfalfa and grain diet was able to sup- 
port levels of resistance factors equivalent 
to those in the milk of the animals on the 
other diet composed of timothy hay and 
grain, it was unable to exceed them such as 
apparently occurred in the previous experi- 
ments in which meadow crop silage was 
included in the ration with the alfalfa. 
The causes of the differences obtained be- 
tween the average NaOH figures for the 
animals making up the present herd and 
the previous one? have many possible 
origins, but data to explain them adequately 
are not available. The herds had received 
different treatment prior to the experi- 
mental periods and they were fed and 
managed differently. Although the same 
culture of Str. agalactiae was used in both 
studies, equipment and personnel differed 
somewhat and some variations were incor- 
porated in the laboratory procedures. 

Some indication was obtained that age 
was involved as the heifers, for the most 
part, had better resistance in their milk 
during the earlier half of their lactations 
than the older cows of the same breed. 
Other workers have observed a compara- 
tively high resistance of heifers to Str. 
agalactiae infections.2; 4-6 For several of 
the heifers a period elapsed between fresh- 
ening and the first months when less satis- 
factory resistance of the milk was obtained, 
that was rather similar in length to the 
period after freshening before the first in- 
fections occurred in the experiments of 
Lancaster and Stuart. 

The sharp drop in resistance of the milk 
of some animals at the end of their lacta- 
tions appears comparable to the observa- 
tion of McEwen and White.® They observed 
a marked loss of the bacteriostatic property 
of the milk of a cow going dry when using 
Str. pyogenes as the test organism. 

Care was taken to prevent the spread of 
Str. agalactiae from the infected animals 
to the heifers and Guernsey-Jersey cows by 
use of the usual procedures of sanitation 
and milking order. This could account, at 
least in part, for the failure of this organ- 
ism to gain entrance to any quarters of 
the animals which had been experimentally 
exposed in previous lactations until late in 
the experimental period and then only in 
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three quarters of 2 animals and at times 
when the resistance of their milk was low. 

The clinical cases, that occurred during 
times when resistance of the milk was low 
in the heifers and cows that had not pre- 
viously been exposed experimentally to 
Str. agalactiae, seemed to involve micro- 
cocci, an atypical Streptococcus, and pos- 
sibly a coliform. Even though the measure 
of the resistance is based on that obtained 
with Str. agalactiae, it is possible that the 
same or closely related factors restrain 
these other organisms because bacterio- 
static properties of milk appear to be non- 
specific to some extent. The hemolytic 
Staphylococcus, present in a quarter of 1 
of the Guernsey-Jerseys, was associated 
with mild clinical symptoms, yet the milk 
of this animal did not have low level of 
resistance to Str. agalactiae. This possibly 
indicates that a higher level of resistance 
factors in the milk was needed to inhibit 
this Staphylococcus adequately, or that spe- 
cific inhibitors for this Staphylococcus were 
present in inadequate quantities and that 
they were not measured by use of Str. 
agalactiae. 


SUMMARY 


Quarter milk samples were collected asep- 
tically at weekly intervals during a year 
from a herd comprised of 17 Holstein- 
Friesian and 5 Guernsey-Jersey cows. Brom 
cresol purple was added to 10-ml. quantities 
(Hotis test) and they were inoculated with 
Streptococcus agalactiae. Following twenty- 
four-hours-incubation, the quantity of 0.1 
N NaOH was determined that would neu- 
tralize the acid formed and return the 
samples to approximately their original 
color. 

During much of the period, half the herd 
received alfalfa hay and grain and the 
other half was fed timothy hay and grain. 
There was no appreciable difference be- 
tween these two groups in the average re- 
sistance of the milk samples to the action 
of Str. agalactiae. 

The majority of the 9 first-calf Holstein- 
Friesian heifers produced milk of relatively 
greater resistance to the activity of Str. 
agalactiae during the earlier months of 
lactation than the 1 animal of similar breed 
in her second lactation and the majority of 
the 8 older cows of the same breed. The 
5 Guernsey-Jersey cows, which were all in 
their second or third lactations, produced 


milk which on the average was even more 
resistant than that of the others during 
this same stage of lactation. 

In the majority of the animals, the trend 
as lactation progressed was towards a les- 
sened resistance of the milk. In 3 animals, 
comparatively marked and sudden reduction 
of the resistance factors in the milk oc- 
curred as they reached the end of their 
lactations. 

There was some tendency for heavier 
and more persistent milk production on the 
same ration to be accompanied by com- 
paratively lower levels of milk resistance. 

Three of the heifers developed clinical 
symptoms. These symptoms were associ- 
ated with micrococci and possibly coliform 
organisms in one animal. At the time of 
the symptoms the resistance factors for 
Str. agalactiae in their milk were relatively 
low. 

Four of the Guernsey-Jerseys manifested 
symptoms of mastitis during the period of 
observation. One was infected with hemo- 
lytic staphylococci, and the mild clinical 
symptoms occurred during a period when 
the resistance of her milk to Str. agalactiae 
was relatively high. Three had symptoms 
associated with micrococci or atypical 
streptococci towards the end of their lacta- 
tions when resistance factors in their milk 
for Str. agalactiae were relatively low. 

Only 1 of the mature Holstein-Friesians, 
all of which had been exposed experi- 
mentally during previous lactations to Str. 
agalactiae, did not have clinical symptoms 
of mastitis. She maintained a relatively 
even and moderate level of resistance in her 
milk but persistently shed Str. agalactiae. 
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Reservoirs of Infection of Micrococcus Pyogenes 


in Bovine Mastitis 
G. R. SPENCER, D.V.M., M.S., Ph.D., and JANIS LASMANIS, D.V.M. 


Pullman, Washington 


THE SEARCH FOR adequate control measures 
for staphylococcal mastitis depends on basic 
information concerning its modes of trans- 
mission and its pathogenesis. This work 
was designed to establish the incidence and 
location of the organism on the skin and in 
the environment of the cow, and to compare 
staphylococci found in the environment and 
in aseptically collected milk samples from 
the same cows. 

REVIEW OF THE LITERATURE 

Micrococci have been recognized for a long 
time as common inhabitants of the interior of 
the mammary gland. Jones' in 1918 reported 
that the principal sources of micrococci in 
mastitis were apparently normal cows which 
had udder infections and that the organisms 
could be carried ‘readily on the hands from 
cow to cow. Evans? found staphylococci in milk 
which resembled culturally those from skin 
and other sources. Staphylococci have been 
found in dermal abscesses of mammary skin" * 
and in other pyogenic lesions elsewhere in 
cattle. Miller and Heisman‘ suggested that 
staphylococciec infection can occur by way of 
the teat canal and that cows may get infected 
from men milking them. Schalm and Ormsbee® 
emphasize the milking act as an important 
factor in the spread of staphylococcic infection. 
They found that the incidence of infection in- 
creased with age, and that complete segrega- 
tion reduced the spread of infection. 

Slanetz et al.’ made a study of cultures of 
staphylococci from human infection and from 
milk of cows affected with mastitis and found 
the organisms to be similar. They reported 
also that the coagulase test and hemolysis were 
useful criteria for virulence of staphylococci 
for the bovine mammary gland. Many different 
species of micrococci are found in aseptically 
collected milk and criteria for differentiation 
of pathogenic and nonpathogenic strains have 
been studied by other workers. Plastridge and 
co-worker’ reported that the germentation of 
mannitol, hemolysis of ox blood, and the for- 
mation of coagulase were in vitro properties 
correlated to ability to cause mastitis than were 
other biochemical properties. Recently Barber 
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and Kuper® found that phosphatase production 
closely paralleled coagulase production in nu- 
merous strains of staphylococci. 


MATERIALS AND METHODS 


The cows examined in this study were in a 
dairy herd of purebred animals of different 
breeds. The cows were held in one barn and 
milked in succession by two attendants using 
three machines. Before milking, the udders 
and teats were wiped off with a separate towel 
moistened in a sodium hypochlorite solution 
(about 300 parts chlorine per million, p.p.m.) 
and one or two streams of milk were removed 
into a strip cup. After milking each cow, the 
teat cups of the machines were dipped suc- 
cessively into two pails of chlorine solution 
before being placed on the next cow. The 
solutions were prepared to contain about 300 
p.p.m. of chlorine and were changed once near 
the midpoint during the course of milking 62 
cows. At the end of the milking period, the 
cups were rinsed with water and soaked in 
0.5 per cent solution of sodium hydroxide until 
the next milking. 

No precautions were taken to milk the cows 
in order of age or freedom from infection. 
Staphylococcic mastitis had been a continuous 
problem for many years in this herd. No in- 
fections with Streptococcus agalactiae were dis- 
covered during this work. 

The presence of micrococci in aseptically col- 
lected milk samples was established on end 
milk collected shortly after the completion 
of milking. The udders were wiped off with a 
paper towel moistened in chlorine solution, 
and the ends of the teats were disinfected with 
a pleget of cotton moistened in 70 per cent 
ethyl alcohol. About 15 ml. were milked into 
a sterile container and taken to the laboratory. 
Samples were streaked onto phenol red-manni- 
tol-salt agar plates. After twenty-four and 
forty-eight hours’ incubation at 37 C., the plates 
were examined and colonies picked for further 
identification. Blood-agar plates, various carbo- 
hydrates, and the coagulase test were utilized 
for further study of the strains isolated. 

Samples for detection of micrococci in the 
environment were taken with sterile cotton 
swabs moistened in nutrient broth containing 
4 per cent NaCl. The swabs were rubbed several 
times across the surface to be examined and 
then were returned to the broth. The seven 
sites sampled for each of 62 cows in the herd 
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were the skin on the side of each of the four 
teats, the hair on the anterior surface of the 
leg, the vulva, and the floor of the stall be- 
neath the cow’s udder. Repeated swab samples 
were also taken in the teat cups of the milk- 
ing machine just before milking, after milking, 
and after dipping the teat cups. A few samples 
for culture of the disinfectant solution used 
for towels and for dipping teat cups were taken. 
When samples were obtained in the presence of 
the chlorine disinfectant, the swabs were re- 
turned to 10 ml. of sterile skimmed milk or 
10 ml. of 2 per cent sodium thiosulphate to in- 
activate the chlorine present. Both of these 
methods made possible the recovery of staphylo- 
cocci from recently dipped teat cups, but the 
milk appeared to be superior so it was used 
after the preliminary trials. 

After collection of the samples, the swabs 
were allowed to stand in the nutrient salt broth 
or milk for one to three hours. The swabs 
were then rubbed over the surface of a phenol 
red-mannitol-salt agar plate. The broth or 
milk remaining was incubated along with the 
agar plate for twenty-four hours at 37 C. A 
loopful of the broth or milk was then streaked 
over the surface of another salt-agar plate. At 
twenty-four and forty-eight hours, the plates 
from both the original and enriched culture 
were examined for the presence of mannitol 
fermenting staphylococci. Representative col- 
onies were streaked onto the surface of Difco 
blood-agar medium containing 8 per cent bovine 
blood to determine the degree and type of 
hemolysis. Hemolytic cultures were examined 
for coagulase production with rabbit plasma 
by the tube method. 

Nutrient agar containing 0.02 per cent sodium 
phenolphthalein phosphate was employed to 
demonstrate phosphatase activity... For primary 
isolations, this medium was made more selec- 
tive by the addition of 7% per cent sodium 
chloride. After incubation for twenty-four 
hours, cultures on ordinary phenolphthalein 
disphosphate agar or after forty-eight hours of 
incubation on the same agar containing sodium 
chloride, the covers of the Petri dishes were 
removed and the agar cultures were inverted 
over a 28 per cent solution of ammonium hy- 
droxide. Phosphatase-producing colonies _be- 
came pink and could be picked for subsequent 
biochemical tests and microscopic examination. 
Eight cows were reéxamined by cultures of 
milk, and swab cultures of skin, hair, vulva, 
and floor, using the sodium phenolphthalein 
phosphate salt agar for primary isolation. 

A comparison of the resistance of cultures 
of micrococci to a sodium hypochlorite disin- 
fectant was made. In these trials, sterile cot- 
ton swabs were dipped into a broth culture of 
a strain, immersed for ten seconds in the hypo- 
chlorite disinfectant and then placed in sterile 
skimmed milk for subsequent plate counts to 


determine the number of organisms surviving. 

The persistence of a coagulase positive, hemo- 
lytic culture of micrococci on dry wheat straw 
was tested. The organism, which had been 
isolated recently from a case of mastitis, was 
grown twenty-four hours in skimmed milk; 
and 0.2 ml. of the culture containing about 14 
million organisms was inoculated into each 
of numerous test tubes containing approxi- 
mately 0.5 Gm. of straw. Part of the straw 
samples had been sterilized previously by auto- 
claving. Tubes containing the straw and milk 
culture were stoppered with an ordinary sterile 
cotton plug. Numerous tubes of sterilized and 
nonsterilized straw containing the culture were 
placed at each of the following temperatures: 
—20 C., 7 C., 21 C., and 37 C. At three, five and 
seven days, and weekly thereafter for forty- 
nine days, the number of surviving micrococci 
were determined by surface-plating dilutions 
on blood agar and phenol red-mannitol-salt agar. 


RESULTS 


Table 1 presents the results of cultures 
made on the cows and on their immediate 
environment. Many micrococci which would 
grow in salt agar and ferment mannitol 
were found on the skin of the teats, but the 
majority were nonhemolytic and only 12 
were coagulase positive. The teat cups prior 
to disinfection were usually contaminated 
with mannitol-fermenting micrococci, but 
less than half of the cultures were hemo- 


TABLE I—Incidence of Micrococci on, and in, the 
Environment of Dairy Cows in an Infected Herd of 
62 Cows 


Number of samples with 
micrococci positive 


2 
s 
= 
2 
= a 
be 


Location 
examined 
Mannitol 


Skin of teats 
Hair of flank 
Vulva 
Floor of barn 
beneath a cow 
Teat cups before 
milking period 
Teat cups before 
disinfection 
Teat cups after 
disinfection 
Hands before 
milking period 
Hands during 
milking period 
Disinfectant for 
teat cups 
Aseptically col- 
lected milk 
samples 


| 
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248 194 2 
62 {2 0 
62 12 0 
62 47 4 0 
12 0 0 0 
124 102 47 15 
124 57 43 26 

2 2 1 0 

4 4 0 0 
36 10 6 2 
248 52 59 19 
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lytic and about 12 per cent were coagulase 
positive. After being dipped in a disinfect- 
ant, fewer cups were contaminated with 
mannitol-fermenting micrococci; but of 
those organisms recovered, 75 per cent were 
hemolytic and 46 per cent were positive for 


TABLE 2—A Comparison of the Presence of Hemo- 
lytic and Coagulase-Positive Micrococci on the Skin 
of the Teats of Quarters with and Without Hemolytic 
Micrococci in the Milk 
Milk culturesdisclosed 
micrococci Cultures of skin teat 
Positive 
coagulase 


Hemolysis Coagulase Hemolysis 


.189** 


+ 59* 


*+ hemolytic on ox blood agar or positive on 
production of coagulase and phosphatase. 

**__ nonhemolytic on ox blood agar or no co- 
agulase produced. 


coagulase. In two instances, coagulase posi- 
tive organisms were actually recovered from 
the disinfectant which had been used for 
dipping 17 and 32 sets of teat cups. In these 
results, the principal extramammary reser- 
voir for hemolytic and coagulase positive 
micrococci appeared to be the skin of the 


TABLE 3—Hemolysis, Coagulase and Phosphatase 
Activity of 186 Cultures of Micrococci 


Production 
of phosphatase 


Production 


Hemolysis of coagulase 


+ 111° 92 + 92 
+ 4 


5** + 2 
+ 73 


*4+ hemolytic on ox blood agar or positive on 
production of coagulase and phosphatase. 
**__ nonhemolytic on ox blood agar or no co- 
agulase produced. 


teats and the teat cups of the milking ma- 
chine. Further cultures using other meth- 
ods for isolation resulted in similar findings. 

Table 2 compares the incidence of hemo- 
lytic and coagulase positive micrococci on 
the skin of the teats of quarters, with and 
without a hemolytic micrococcic infection. 
Cows often had hemolytic micrococci on the 
skin of the teats when none were found in 
the milk. 

The results of a comparison of phos- 
phatase with hemolysin and coagulase pro- 
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duction by 186 cultures of micrococci iso- 
lated from milk or the environment of dairy 
cattle are presented in table 3. These cul- 
tures were selected originally for hemolysis 
(68) or phosphatase production (118), so 
that all were positive for one or the other 
of those characteristics. All 94 coagulase- 
producing cultures and 96 of 111 hemolytic 
cultures formed phosphatase, but many 
other micrococci also did so. The phos- 
phatase-detecting medium was improved by 
the addition of 714% per cent sodium chlo- 
ride. Even so, it was apparently inferior 
to blood agar or phenol red-mannitol-salt 
agar for the isolation of micrococci from 
contaminated materials. 

Preliminary results indicated that co- 
agulase-positive cultures were usually more 
resistant to hypochlorite disinfectant than 
were coagulase-negative cultures of micro- 
cocci isolated from aseptically collected milk 
samples. These results are being investi- 
gated further. 

Coagulase-positive micrococci died rapidly 
at 37 C. in untreated straw, so that only 
0.2 per cent were found alive after three 
days. Thereafter at intervals up to forty- 
nine days, the organisms were recovered in 
numbers varying from 0.1 up to 13 per 
cent. In sterile straw held at 21 C. or 37 C., 
no organisms could be recovered at three 
days or thereafter. In untreated straw at 
21 C., organisms were recovered for the 
forty-nine-day period in numbers varying 
from 12 to 200 per cent of the number 
added. Death rates of organisms in straw 
held at 7 C. and —20 C. were very slow, 
and more than 10 per cent of them were 
still alive after forty-nine days. These 
results indicated that many coagulase-posi- 
tive micrococci persisted in untreated straw 
at ordinary temperatures for forty-nine 
days. Death rates were more rapid at 
higher temperatures and in autoclaved 
straw. 

CONCLUSIONS 

Under the conditions of the observations, 
the principal extramammary reservoirs for 
coagulase-producing hemolytic micrococci 
discovered were the skin of the teats and 
the teat cups of the milking machine. Dis- 
infection of teat cups by dipping in two 
successive pails of sodium hypochlorite solu- 
tion containing chlorine was shown to be 
ineffective in many cases for complete elim- 
ination of contamination. Hemolytic and 
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coayulase-positive micrococci appeared to 
resist disinfection with hypochlorite better 
than other micrococci. Many of the organ- 
isms remained alive on dry straw for forty- 
nine days. 
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Observations on the Clinical Features and Pathology 
of Hemolytic Icterus of Newborn Foals 


E. R. DOLL, B.S., M.A., D.V.M. 


Lexington, Kentucky 


THE CONCEPT that a form of postpartum 
hemolytic anemia and icterus of newborn 
Equidae was due to an isoimmunization 
of pregnancy appears to have been developed 
and investigated independently and con- 
currently for mule foals in France and for 
horse foals in the United States and Eng- 
land. 

From information available to the writer, 
the first reported demonstration that anemia 
and icterus of newborn mules was due to an 
isoimmunization against fetal red blood cells 
was that of Caroli and Bessis' in 1947. A report 
by Bruner, Hull, Edwards, and Doll? in 1948 
called attention to an isoimmunization during 
pregnancy as the cause of hemolytic anemia 
and icterus of 6 newborn foals during the 
1947 foaling season. Also in 1948, Ccombs 
et al.“ and Parry et al.‘ studied cases of icterus 
of foals in England and demonstrated that an 
isoimmunization of the mare was responsible 
for appearance of anemia and jaundice in the 
newborn foal. 

Later reports®* described the postnatal patho- 
genesis of hemolytic icterus, serological find- 
ings, and methods employed in prevention and 
treatment. The maternal antibody was ob- 
tained only through the colostrum after birth 
of the foal and severity of the disease was 
related to the antibody titer of the dam's serum 
and colostrum. Procedures employed in lab- 
oratory diagnosis were described by Bruner.” 


CLINICAL OBSERVATIONS 


Except for cases complicated by prenatal 
streptococcic infection, delayed parturition 
or dystocia, the foals appeared healthy at 
birth. They got up soon after birth, nursed 
strongly, and were active. The early symp- 
toms of hemolytic icterus appeared to have 
escaped observation in several instances. 
In cases originating from known naturally 
immunized mares carrying incompatible 
foals which were permitted to nurse the 
mare, and in first cases for which a diag- 
nosis was established during the first 
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twenty-four hours, icterus was very slight 
or absent. From twelve to twenty-four 
hours after birth, some foals showed weak- 
ness and dullness and spent much time 
lying down. The conjunctiva, sclera, and 
mucous membranes were very pale. They 
nursed infrequently and then only for short 
intervals. At rest, the heart rate and the 
frequency and volume of respirations were 
increased. Exercise induced a rapid acceler- 
ation of the heart and respiratory rates, 
resulting in pulse frequencigs of 150 to 
180 per minute and respiratory cycles of 
50 to 70 per minute. Citrated blood samples 
showed a marked reduction of erythrocyte 
content and the red blood cells usually were 
agglutinated in their own plasma. Erythro- 
cyte counts on these foals ranged from 
2,200,000 to 3,600,000 per cubic millimeter. 
In these cases, icterus was present on the 
second day and it became more intense on 
the third day and later. Also, the general 
symptoms often became more pronounced. 
Hemoglobinuria was seldom observed dur- 
ing the first twenty-four hours after birth 
but was present in a few foals on the sec- 
ond and third days. 

Less severe cases were observed during 
the first twenty-four hours. These foals 
showed no definite symptoms of illness and 
the anemia was discovered by the farm 
veterinarian upon routine examination of 
the foals; also foals of known naturally 
immunized mares developed clinical anemia 
within twelve to sixteen hours without 
showing symptoms of illness. These foals 
had red blood cell counts ranging from 
4,500,000 to 6,000,000/cemm. Some foals 
that were mildly affected on the first day 
showed icterus, severe anemia, and ag- 
gravated general symptoms on the second 
day or later. In these, the red blood cell 
count was lower, having fallen to 3,000,- 
000/cmm. or less. It appeared that it was 
this type of foal that was observed by the 
stable attendant to be acutely affected for 
the first time on the second to fourth day 
after birth. 


(504) 


| 

| 
ia 
| 
| 
| 
| 


Am. J. Vet. Res. 
OcTOBER 1952 


In some foals, anemia and icterus ap- 
parently developed gradually over a period 
of several days without any outward symp- 
toms of illness. In these, diagnosis was 
established by serological methods after 
the farm veterinarian had found slight or 
moderate icterus and anemia of the con- 
junctiva and sclera upon routine inspection 
of the foal. Red blood cell counts of these 
foals were between 6,000,000 and 7,000,- 
000/cemm. Except for tiring rapidly during 
vigorous exercise, these foals have not 


shown symptoms of illness and they have: 


not required treatment. This mild form of 
hemolytic icterus was diagnosed in several 
foals 4 to 9 days old. 

Usually, the appetite was not affected. 
Foals maintaining red blood cell counts of 
4,000,000/emm. and higher usually nursed 
the mare at frequent intervals for short 
periods. Foals with red cell counts below 
3,000,000/cmm. nursed infrequently. Fol- 
lowing an exsanguination transfusion, 
nearly all foals would go to the mare and 
nurse strongly. 

In the initial studies.on this disease, it 
was difficult to account for the apparent 
rapidly fatal illness in some foals 4 to 6 
days old. Stable attendants reported that 
no previous illness had been observed and 
that the foal had been found dead or ex- 
tremely sick in the pasture and had died 
within a short time. Postmortem examina- 
tion diclosed an anemia and jaundice which, 
according to our experience with other 
cases, required several days for develop- 
ment. It is probable that these foals were 
similar to those that had red blood cell 
counts of approximately 4,000,000/cmm. 
but showed few or no symptoms of ill health 
when protected by constant confinement in 
the stable. The rapidly fatal course re- 
ported by the stable attendant apparently 
resulted from exhaustion incident to the 
foal running in the pasture after its dam. 
Confinement and limitation of exercise un- 
til the erythrocyte count had returned to 
6,000,000 to 8,000,000/emm. appeared to 
be an important factor in care of the af- 
fected foal. 

An analysis of 21 case histories of un- 
complicated hemolytic icterus that termi- 
nated fatally showed that death occurred 
in 1 at twelve hours after birth, 2 at thirty 
hours, 1 at thirty-six hours, 4 on the third 
day, 8 on the fourth day, 1 on the sixth, 3 
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on the seventh, and 1 on the eighth. In 12 
of the 21 foals illness was observed during 
the first twenty-four hours after birth. 
For 5 foals, the first observation of illness 
was made on the third and fourth days. 
Illness was not observed prior to the death 
of 4 foals. 

The ages of mares at the time that the 
first jaundiced foal was produced varied 
from 6 to 22 years. There was much vari- 
ation in the number of breeding years pre- 
ceding the first foal that developed hemo- 
lytic icterus, and also in the number of 
pregnancies preceding the first affected 
foal. A summary of the breeding history 
of 32 mares showed that the number of 
breeding years prior to the first jaundiced 
foal varied from one to eighteen. A similar 
analysis for the pregnancy, at which the 
first jaundiced foal appeared, revealed 6 
cases for the second pregnancy, 4 cases 
for the third, 1 for the fourth, 5 each for 
the fifth and sixth, 1 for the seventh, 3 for 
the eighth, 2 each for the ninth, tenth, 
and eleventh, and 1 for the twelfth. In this 
compilation, abortions were counted with 
completed pregnancies. From this, it ap- 
peared that a long series of pregnancies 
was not necessary for inducing isoimmuni- 
zation of the mare, as 31 per cent of the 
first-case icteric foals resulted from the 
second and third pregnancies. Of the 40 
mares that are now known to have pro- 
duced hemolytic icterus foals, not a single 
case has resulted from the first pregnancy. 
One case of isoimmunization occurring 
during the first pregnancy of a mare was 
reported by Brion.'® A similar report was 
made by Bruner et al.,° but further inquiry 
into the foaling history of this mare re- 
vealed that she had previously given birth 
to 2 dead foals. With some mares, the first 
icteric foal appeared after a series of two 
or more pregnancies by 1 stallion: In con- 
trast to this, approximately half of the 
naturally immunized mares had not been 
pregnant twice by 1 stallion. However, 
this does not preclude the possibility that 
the mare may have borne several foals hav- 
ing the same red blood cell antigens. 


Gross PATHOLOGY 


Except for anemia and icterus, few le- 
sions were found regularly. The icteric 
discoloration of the tissues and internal 
organs varied with the length of time that 
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hours of birth showed no discoloration of 
the serum, serous fluids, and tissues. Foals 
dying from twenty-four to forty-eight hours 
after birth showed increased intensity of 
the yellow staining of the tissues with ad- 
vancing age, and those living seventy-two 
hours or longer were severely jaundiced. 
Cursory examination of the carcass indi- 
cated a severe anemia. In thin films or 
small droplets of blood, extreme clumping 
of the red cells was sometimes seen. This 
phenomenon was more commonly present 
in foals under 3 days old and was rarely 
observed in foals 5 or more days old. The 
color of the urine varied from light yellow 
to a port wine color. 

Splenomegaly was observed constantly in 
foals dying under 48 hours of age. In 
these, the spleen was turgid and engorged 
with blood. Spleens of foals that lived four 
to five days or longer were approximately 
normal or reduced in size. They contained 
little blood and often were of flabby con- 
sistency. Large spleens, engorged with 
blood, were observed in the older foals that 
had recently received transfusions, prob- 
ably of incompatible blood. 

Because of the severe anemia, the color 
of the liver was lighter than normal. The 
liver of 1 foal that lived seven days showed 
gross evidence of central necrosis, and an- 
other living eight days had multiple ne- 
crotic foci throughout the liver. 

Except in the very acute cases, the kid- 
neys were swollen with increased width of 
the cortex. The heart was pale. Epicardial 
and endocardial hemorrhages were present 
in a few cases. There was no evidence of 
hypertrophy or dilatation of the heart. In 
most cases, the lungs showed no gross 
changes except icteric discoloration and 
small emphysematous areas. 


HISTOPATHOLOGY 


The tissues included in these examinations 
were selected from foals dying from one to 
eight days after birth. Postmortem examina- 
tion of all foals was made within five hours 
after death. 

Liver—In general, the severity and extent 
of the degenerative and necrotic changes in 
the hepatic cells were augmented with increas- 
ing age of the foal at the time of death. In 
foals dying on the third day or later, irregular 
swelling, increased granularity, reduced den- 
sity, and vacuolation of the cytoplasm of the 
hepatic cells was observed, Lysis, rhexis, and 


ghost forms of nuclei were seen in isolated 
cell groups and in association with necrotic 
areas. Usually, the degenerative and ne- 
crotic changes were more severe in the central 
portion of the lobules. Sections from a foal 
dying at 7 days of age showed central necrosis 
involving one-fourth to one-half of the area 
of some lobules. The liver of 4nother foal 
dying at 8 days of age contained multiple 
necrotic foci which were dispersed throughout 
the liver. Erythrophagia by the Kupffer cells 
was observed in the livers of foals dying at 
2 to 5 days of age. In the livers of foals 
dying at 3 days of age or later, there was 
dilatation of the bile canaliculi which con- 
tained an amorphous, homogenous, brownish 
yellow substance. 

Kidneys.—Pathological changes were absent 
or limited to minor albuminous degeneration 
in foals dying within the first forty-eight hours 
after birth. With advancing age, the tissue 
changes were increased in severity and in the 
extent to which different parts of the nephron 
were affected. The pathological changes con- 
sisted of albuminous degeneration, desquama- 
tion of the tubular epithelium, and swelling, 
lysis, and rhexis of the nuclei. These changes 
were observed throughout the first anlage. 
Little change was seen in the collecting tubule 
system. 

Spleen.—In foals dying at early ages and 
in those that received transfusions of incom- 
patible blood shortly before death, the splenic 
pulp was massively engorged with red blood 
cells. The Malpighian bodies and trabeculae 
were widely separated and the architecture of 
the pulp was completely obscured. Spleens of 
foals dying at 4 days of age or later usually 
contained fewer red blood cells than normally 
present. The number of cells in the Malpighian 
bodies was reduced, some containing an amor- 
phous, homogenous, hyaline-like, acidophilic 
substance. 

Lungs.—Small emphysematous areas result- 
ing from rupture of a few alveoli were ob- 
served. In some cases there was edematous 
separation of the interlobular spaces. A clear, 
cell-free transudate was observed in the alveoli 
of a few lungs. 

Heart.—Very little change was found in 
the cardiac muscle. In foals dying at several 
days of age, some cardiac muscle fibers showed 
loss of cross striations and granular swefling 
of the cytoplasm. 


DISCUSSION 


The early appearance of clinical anemia 
and associated low red blood cell counts, 
2,200,000 to 6,000,000/cemm., within twelve 
to sixteen hours after birth of the foals of 
naturally immunized mares, indicated rapid 
absorption of the colostrum antibody from 
the intestinal tract and an early disappear- 


the foal lived. A foal dying within twelve 
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ance of erythrocytes from the circulating 
blood. Although intravascular hemolysis of 
circulating erythrocytes occurred in some 
foals, an equally severe anemia was ulti- 
mately reached in others in the absence of 
of discernible hemoglobinemia and hemo- 
globinuria. The rapid fall of erythrocyte 
count, in the absence of hemoglobinemia 
and hemoglobinuria, may be explained in 
part by pathological changes observed in 
foals dying within forty-eight hours after 
birth. 

In these foals, the spleens uniformly 
showed a massive engorgement with blood. 
It appeared that possibly the first host 
reaction following absorption of the colos- 
trum antibody upon the circulating erythro- 
cytes was the separation of the antibody- 
coated erythrocytes from the circulation 
by the spleen. In some of the latter type 
of foals, there was a progressive decline in 
erythrocyte count and packed cell volume 
over a period of two to five days, and in 
others the lowest point in erythrocyte count 
was reached within twenty-four to thirty- 
six hours, after which the cell count in- 
creased slowly. In such foals, it appeared 
likely that the greater part of the destruc- 
tion of the erythrocytes occurred in the 
spleen. This activity was evident in the 
erythrophagia and hemosiderin deposition 
in the reticular cells of the spleen. The 
Kupffer cells of the liver, however, were 
actively erythrophagocytic. 

In general, the histopathological lesions 
occurring in the liver, kidneys, spleen, heart, 
and lungs were more severe as the age at 
time of death increased. The early deaths, 
at 1 to 3 days old, apparently resulted pri- 
marily from rapidly developing anemia, 
with the time not being adequate for pro- 
nounced cellular alterations to occur. It is 
probable that both the prolonged anemia 
and toxic effects of the jaundice contributed 
to the greater severity of lesions in the 
older foals. 

In the treatment of foals affected with 
hemolytic icterus, it has been found that 
early and extensive exsanguination trans- 
fusion resulted in fewer deaths and more 
rapid clinical recovery. Foals not receiving 
adequate transfusion until the third day 
or later frequently showed a slower clinical 
response than those receiving treatment at 
an earlier age. It appears that the greater 
success attending early transfusion treat- 


ment may have resulted from prevention 
of damage to the internal organs which was 
most severe in foals dying on the fourth 
day or later. The exsanguination trans- 
fusion removes damaged erythrocytes and 
unabsorbed circulating antibody from the 
foal and also corrects the anemia. Removal 
of damaged red blood cells and antibody 
should reduce the severity of the jaundice, 
and correction of the anemia should pre- 
vent cellular damage resulting from inade- 
quate gaseous exchange between the tissues 
and blood. Initial exsanguination trans- 
fusion of a quantity of blood adequate for 
raising the erythrocyte count to 7,000,000 
to 8,000,000 /cmm. appeared to give a more 
satisfactory response than a smaller ex- 
sanguination transfusion or periodic simple 
transfusions over a period of several days. 
For a severely affected foal having an ery- 
throcyte count below 3,000,000/cmm., the 
anemia may be adequately corrected by in- 
fusion of 4 to 6 liters of fresh citrated blood 
and the removal of 3 to 5 liters of blood 
from the foal. A differential of 1 liter excess 
in the amount of blood infused has been 
tolerated satisfactorily. 

In earlier studies®: * § at this station, the 
severity of hemolytic icterus in foals was 
found to be related to the antibody titer 
of the dam serums and colostrums. Similar 
findings have been made in subsequent 
studies, but much variation has been en- 
countered and in some cases the severity 
of the disease could not be correlated with 
the antibody titers of the mare serums and 
colostrums. For some mares, the serum 
and colostrum contained both hemagglutina- 
tive and hemolytic antibodies while in 
others only the hemagglutinin was demon- 
strable. Hemolysin with the absence of 
hemagglutinin has not been observed. The 
foals of mares whose serum had hemolysin 
titers of 1: 100 to 1:1,000 usually have 
been severely affected, with hemoglobinemia 
and hemoglobinuria being a feature of the 
disease. Foals of mares having serum 
hemagglutinin titers of 1:16 to 1:32 or 
higher, but having hemolysin titers of less 
than 1:10, usually developed an early and 
severe anemia without hemoglobinuria. 

However, some foals from mares having 
high serum titers of hemagglutinin have 
had mild cases of hemolytic icterus. Since 
it was not possible to demonstrate that the 
foal’s erythrocytes were either more or less 
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susceptible to the activity of the maternal 
antibody than those of the sire or other 
horses reacting with it, the differences in 
severity of cases from mares having ap- 
proximately the same serum and colostrum 
antibody titers appeared to be dependent 
upon the quantity of colostrum obtained 
by the foal. Apparently the foals of mares 
that produced a large volume of colostrum 
were more severely affected than those 
from mares producing small quantities of 
colostrum. 

In the first cases studied, it appeared 
that foals of mares having colostrum titers 
of 1:4 or less were not in serious danger 
from hemolytic icterus. Subsequently, some 
foals born to mares which apparently pro- 
duced large volumes of low titer colostrum, 
1:4, have had severe cases of hemolytic 
icterus, 1 of which died on the third day 
after birth. The variation in the quantity 
of colostrum produced by mares was readily 
demonstrated by hand milking of known 
naturally immunized mares for the preven- 
tion of hemolytic icterus. For some mares, 
the removal of 4 to 6 pints of colostrum 
during a four- to eight-hour period elim- 
inated demonstrable antibody or reduced 
it to insignificant levels. For other mares, 
it was necessary to remove 8 to 10 pints or 
more during a period of twelve to twenty- 
four hours to eliminate the antibody or 
reduce it to a level considered safe for 
the foal to nurse. 

The most satisfactory index of the foal’s 
condition may be obtained from daily ery- 
throcyte counts. Experience in the Ken- 
tucky stables indicated that usually the foal 
could be expected to live if the erythrocyte 
count remained at 4,000,000/cmm., or 
higher, packed cell volume 14 or higher. 
Frequently, however, recovery was more 
rapid for foals in which the anemia was 
corrected by transfusion, particularly if 
the erythrocyte count remained static at 
approximately 4,000,000/emm. for seven 
to nine days. Of foals whose erythrocyte 
counts do not fall to critical levels, a more 
favorable prognosis may be given for those 
showing an increase in erythrocyte count 


by the fifth day after birth. Erythrocyte 
counts of approximately 3,000,000 or less, 
packed cell volumes of 10 or less, indicate 
critical anemia and urgent need for trans- 
fusion. 

For the known icteric foal-producing 
mare, all danger to the foal may be avoided 
if adequate precautions are taken at foaling 
time.® For first cases from mares not known 
to have become immunized against horse 
erythrocyte antigens, the foals are fre- 
quently in need of urgent treatment at the 
time the disease is diagnosed. 


SUMMARY 


The clinical features of hemolytic icterus 
of newborn foals and the foaling histories 
of mares producing the affected foals have 
been summarized and discussed. 

The gross and histopathological findings 
in foals dying from the disease have been 
presented and their relation to treatment 
discussed. 
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Some Blood Values of the Southwestern Burro 
(Equus Asinus Asinus) 


J. L. WILDING, Ph.D.; A. W. KIMBALL, Ph.D.; M.W. WHITAKER, M.S.; 
B. F. TRUM, D.V.M.; J. H. RUST, D.V.M. 


Oak Ridge, Tennessee 


THERE HAS BEEN SOME recent interest in 
the response of a large domestic animal to 
externally applied whole body irradiation. 
For several reasons not germane to this 
discussion, the burro was selected. Before 
irradiation, it was necessary that some 
studies be made to determine the blood 
values of the healthy burro under the 
environmental conditions that they would 
be expected to encounter in eastern Tennes- 
see. One hundred and eight animals from 
a band of 250 were selected for this study. 
The following material is a result of that 
work. 

We have found no reference in the litera- 
ture of the past twenty-five years to the 
subject in question. This is particularly 
surprising in view of extremely widespread 
distribution of the burro as a beast of 
burden. 


ANIMALS 


The animals were obtained for us by Dr. 
Fred F. Schmidt of Douglas, Ariz., from about 
that city and in the vicinity of Agua Prieta, 
Sonora, Republic of Mexico. After a period 
of quarantine and acclimatization, these ani- 
mals were shipped to Oak Ridge, Tenn., in 
stock cars. Here they were placed for six 
months, before the study started, upon pasture 
consisting primarily of orchard grass and 
ladino clover. During the cold months, this 
food was supplemented with hay of the same 
combination of plants, plus a good quality of 
corn silage. At all times, more hay and silage 
were available than the animals would eat. 
It was felt that a remarkable gain in weight 
was evidence of adequacy of diet. 

It had been noticed at autopsies that the 
animals were infested with ascarids which we 
were not able to distinguish from Parascaris 
equorum and that they had a strongyloidosis 
which was evidenced by the presence of an 
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unidentified parasite of the genus Strongyius 
as well as parasitic aneurysms in the anterior 
and posterior mesenteric and renal arteries. 
These intestinal parasites were removed in 
large part by the administration of carbon 
tetrachloride (10 cc., approximately) on two 
occasions at sixty-day intervals. Subsequent 
autopsies indicated a considerable reduction in 
both species of parasites in the intestines. 
Parasitic aneurysms were not altered. 

In so far as possible, we have eliminated 
pregnant females from our tabulations as well 
as animals suffering from coccidioidomycocis 
or other clinically evident diseases. 


METHODS 


Blood was drawn from the external jugular 
vein with a 15-gauge “California bleeding 
needle” and 10 ce. collected in dry test tubes 
containing 18 mg. of ammonium oxalate and 
12 mg. of potassium oxalate. This was pre- 
pared according to the method of Wintrobe.’ 
All except one of the subsequent tests were 
done within one hour of collection time. One 
test (films for differentials) was prepared 
within five minutes of venipuncture. Suspen- 
sion stability of the blood was determined by 
the sedimentation test as described by Win- 
trobe,? except that only one reading was made 


TABLE |—Distribution of Animals by Age and Sex 


Age Group (Years) 


7 5 or over 


at one hour and was not corrected. Red blood 
cell and white blood cell counts were done 
with the oxalated blood utilizing certified 
Thoma pipettes and Hayems solution for red 
cells and ‘:urck’s solution for white cells. For 
the enumeration of cells a Spencer bright-line 
improved Neubauer counting chamber was used. 

Packed cell volume was determined as a 
continuation of the sedimentation test. Using 
Wintrobe tubes, following the reading of the 
sedimentation test, the tubes containing the 
blood were spun in a centrifuge at 1650 revo- 
lutions per minute (r.p.m.) for thirty minutes 
at 25.5-cm. distance. This was equivalent to 


(5099) 


} 
{ 
' 
| 
| 
Male 16 10 
Female 12 19 8 25 3 
Both 28 29 10 35 6 
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TABLE 2—White Blood Cells—Extremes and Means 


Age Groups (Years) 


1 Mean 


9 


3 
14,150 
14,450 


4 5 or over 


Range 


7,750 
17,700 


12,600 


9,150 
16,900 


8,850 
16,700 


12,900 


7,000 
Male 10,750 


Mean 14,300 12,940 9,000 


11,100 
17,150 
14,720 


10,150 
19,350 
13,220 


10,350 
19,200 
15,390 


9,650 
28,550 
16,400 


14,400 


Range 
Female 20,400 


Mean 14,070 14,360 


Both 13,560 


Mean 14,360 13,700 


TABLE 6—Hemoglobin—Extremes and Means 


Age Groups (Years) 
5 or 


2 over Mean 


TABLE 3—Analysis of Variance of White Blood Cells 
(Coded by Dividing by 10°) 


at. 


4 


11.20 : 
13.40 
12.37 11.61 


9.30 
12.10 
11.06 


Range 


Source m.s. Male 


Mez 
19.89450 


89.29010 
15.10150 
8.37893 


Age 

Sex 
Interaction 
Error 


Range 
Female 
Mean 


12.80 
15.10 
13.77 12.11 


4 
1 10.00 
4 13.90 
98 2.50 


d.f. = degree of freedom (n-1) ; m.s. = the mean 
significant or variance (s?); F = variance ratio; 
Level = the level of significance; N.S. = no signifi- 
cant difference. 


Both Mean 11.25 12.00 13.07 11.93 


TABLE 7—Analysis of Variance of Hemoglobin 


Source d.f. m.s. 


TABLE 4—Red Blood Cells—Extremes and Means 
(Coded by Dividing by 10°) 


Age Groups (Years) 


1 


‘Range 5.65— 
8.33 
6.71 


Male 
6.63 
5.45 4. 

10.27 8.38 
7.34 7.41 


Mean 


Range 5.33 
7.87 
6.63 


Both Mean 6.68 


Female 
7.00 7.45 7.10 
“7.16 7.16 7.87 7.03 


Mean 


TABLE 5—Analysis of Variance of Red Blood Cells 
(Coded by Dividing by 10°) 


Source 


Age 
Sex 
Interaction 
0.701600 


Age 

Sex 
Interaction 
Error 


4 

1 

4 
98 


Level 


6.54300 
10.93750 
6.83680 
1.80312 


m.s. = the mean 
variance ratio; 


d.f. = degree of freedom (1-1); 
significant or variance (s*); F 
Level = the level of significance. 


TABLE 8—Sedimentation Rate—Extremes and Means 


Sex 


Range 
Male 
Mean 


Range 
Female 
Mean 
Mean 


Both 


Source 
Age 
Sex 
Interaction 
Error 


55.46 


9 


Age Groups 


1 


9 
47.00 
63.00 


25 


39.00 
64.00 
57.25 57.00 
12.00 
: 67.00 
53.08 


4.00 
65.00 
41.84 
47.07 


d.f. 


1175.6 
475.1 
160.8 


4 
1 
4 
8 


degree of freedom (n-1) ; m.s. = the mean 
significant or variance (s*); F variance ratio; 
Level = the level of significance; N.S. = no signifi- 
cant difference. 


d.f. = degree of freedom (n-1) ; m.s. 


significant or 


Level = the level of significance; N.S. 


cant differenc 


variance (s* 


2. 


198.9: 


(Years) 


3 Mean 
61.00 21.00 49.00 
61.00 61.00 57.00 
61.00 46.50 52.00 54.37 
F 17.00 13.00 31.00 

68.00 62.00 50.00 

42.13 51.92 39.67 47.55 
45.90 50.37 45.83 50.14 


93 
98 
94 
81 


the mean 
variance ratio; 
no signifi- 


F 


12,620 
(9.90 9.60 10.70 
14.20 10.80 15.50 
: 020 67 
F 
363 1% 
: 6.07 5% 
3.79 1% 
| 
5 or 
| 2 3 4 over Mean 
| 5.93 5.92 6.28 6.97 
8.58 7.66 
| 7.55 7.32 6.91 
Pe TABLE 9—Analysis of Variance of Sedimentation Rate 
| 1.240 N.S. 
0.0173 N.S. 7.310 1% 
2.7800 5% 2.840 5% 
(510) 


BLooD VALUES OF THE SOUTHWESTERN BURRO 


TABLE !0—Hematocrit (Packed Cell Volume)— 
Extremes and Means 


Age Groups (Years) 


5or 
over 


35.00 
41.50 
38.67 


41.00 
43.00 
42.00 


1 2 3 4 


31.00 
33.00 
32.00 


Mean 


34.00 
45.00 
38.50 


30.00 
41.00 
36.76 


31.00 
43.00 
35.13 


31.00 
39.00 
34.60 


Range 


Mean 35.93 


29.00 
39.50 
35.33 


28.50 
51.00 
38.16 


26.00 
44.00 
38.75 


Range 
Female 
Mean 37.37 
Mean 35.21 36.93 37.40 37.26 


40.33 36.82 


TABLE 12—Heterophiles (Segmented Only, Expressed 
as a Percentage of the Total White Cell Count)— 
Extremes and Means 


Age Groups (Years) 


5or 


1 over Mean 


39.00 
65.00 
50.00 


36.00 
48.00 
40.33 


"26.00 
52.50 
39.63 


Range 


Mean 43.12 


28.00 
64.00 
48.00 


Range 
Female 


Mean 42.85 


Both Mean 43.21 45.17 42.95 


TABLE 14—Eosinophiles (Expressed as a Percentage of 
the Total White Cell Count)—Extremes and Means 


Age Groups (Years) 


Sex 


5or 


1 2 3 4 over Mean 


4.00 5.00 
12.50 8.50 
6.40 7.00 7.51 
2.50 

26.00 2 

8.32 


7.77 


0.00 
14.00 
7.60 


9.00 
11.50 
10.50 


Range 1.50 
18.00 
7.88 
Range 0.50 
» 12.50 
6.67 


Male 
Mean 


1.00 
14.00 
7.58 


2.00 
12.50 
8.25 


Female 
Mean 


Both Mean 7.36 7.59 8.70 


TABLE 16—Monocytes (Expressed as a Percentage 7 
the Total White Cell Count)—Extremes and Means 


TABLE Il—Analysis of Variance of Hematocrit 


Source d.f. m.s. F Level 


44.1305 
84.6700 
40.2938 
16.2507 


Age 

Sex 

Interaction 
Error 9 


d.f. = degree of freedom (n-1) ; m.s. = the mean 
significant or variance (s*); F = variance ratio; 
Level = the level of significance. 


TABLE 13—Analysis of Variance of Heterophiles 


Source af. 


F Level 


Age 4 
Sex 1 
Interaction 4 
Error 98 


18.6186 
46.7800 
215.8512 
66.8369 


0.278 
0.700 
3.230 


N.S. 
N.S. 
5% 


d.f. = degree of freedom (n-1); m.s. = the mean 


significant or variance 


>; 


F = variance ratio; 


Level = the level of significance; N.S. = no signifi- 


cant difference. 


TABLE’ 15—Analysis of Variance of Eosinophiles 


Source d.f. 


m.s. 


Level 


Age 4 
Sex 1 
Interaction 4 
Error 98 


20.3076 

8,5094 
35.0100 
19.3465 


N.S. 
N.S. 
N.S. 


= 


significant or variance 


degree of freedom (n-1) ; m.s. = the mean 
(s*); F = variance ratio; 


Level = the level of significance; N.S. = no signifi- 


eant difference. 


TABLE 17—Analysis of Variance of Monocytes 


Source a.f. 


m.s, 


F Level 


Age 4 
Sex 1 
Interaction 4 
Error 98 


41.5553 
6.4181 
7.4392 
6.2438 


6.66 
1.03 
1,19 


1% 
N.S. 
N.S. 


af. = 


significant or variance 
Level = the level of significance; N.S. = 


cant difference. 


degree of freedom (n-1) ; m.s. = the mean 
(#3); F = 


variance ratio; 
no signifi- 


TABLE 18—Lymphocytes (Expressed as a Percentage 


of the Total White Cell Count)—Extremes and 


Means 


Age Groups (Years) 


Sex 
5 or 
over 


Age Groups (Years) 


Sex 


1 


2 3 


Sor 


4 over Mean 


Range 3.50 
8.00 


Mean 6.33 


0 


Range 


Mean 


3.5 

7.00 
5.00 
5.67 


Mean 


32.50 
64.00 
45.63 


Range 
Male 
Mean 


25.50 
56.00 
42.80 


37.00 
39.50 
38.50 


28.50 
45.50 
39.70 


18.50 
47.50 
35.33 


24.00 
53.00 
37.33 


Range 
Female 
Mean 


30.00 
59.00 
41.38 


29.00 
57.50 
44.26 


42.39 
35.00 
54.50 
44.04 


34.00 
44.00 
38.00 


Both Mean 42.07 


43.76 40.80 


42.80 36.67 


1 6.21 5% 
| | 4 2.48 5% 
fi 
1.05 
0.44 
| 
_ 
' 
= 
3 
— 
Mean | 
85 
00000100150 = 
Female 8.00 9.50 9.00 11.50 
iz 5.83 3.68 4.63 7.12 5.52 
Both — 5.32 4.34 4.50 7.31 5.65 423 4 
(511) 
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512 WILDING—KIMBALL—WHITAKER—TRUM—RUST 1982" 
770 G.* Preliminary tests have indicated that been warned of the bizarre-appearing cells 
no measurable change in the final reading that are present on films made of oxalated 
could be anticipated following a lcnger time human blood that had been held unduly long. 
in the centrifuge. We had occasion to observe this phenomenon 
Hemoglobin was determined by a colorimetric in burro blood. Except for the eosinophils, 
method in a Klett-Summerson colorimeter. the white cells of the burro are not essentially 
Iron was measured after being detached from’ different from those of other mammals that 
we have had occasion to observe. The eosino- 

TABLE 19—Analysis of Variance of Lymphocytes phil, in common with other members of the 
—— genus Equus, have large ruby red granules 


a.f. that often obscure the nucleus. 


Age 4 71.5080 1.0800 N.S. 

Sex 2.5298 0.0381 N.S. RESULTS AND STATISTICAL ANALYSIS 
Interactio 160.5816 2.4200 

66.4061 Basophiles—These were not always found. 
~ nn - —— - Most commonly they were 0.5 per cent of 
_a.f. = degree of freedom (n-1) ; m.s. = the mean the total white cell population, though on one 
significant or variance (s*); F variance ratio; ° 

Level = the level of significance; N.S. = no signifi occasion they rose to 2.0 per cent. There were 
cant difference. no sex or age differences. 

Band Cells.—These were much like the baso- 
philes except for being slightly higher. They 
range from 0.0 to 3.0 per cent. There were no 
sex or age differences. 


the hemoglobin molecule by the method of 
Dupray*® as modified by Wong‘ and Hanzal.* 
From the iron values obtained, hemoglobin 
was estimated on the basis of 3.4 mg. of iron 


‘ h1G fl lobin. The findi Reticulocytes.— We routinely stained our 
ngs are blood films with brilliant creysl blue. Reticulo- 
expressed as grams of hemoglobin in 100 ml. 


cytes were entirely absent from the peripheral 
of blood. blood. This suggests one of three things, either 
the vital stain used was not capable of staining 
reticulocytes, our method was unsatisfactory, 
or that reticulocytes do not cecur in the periph- 
eral blood of the burro. We suspect the latter 
since we did have success in staining reticulo- 
*Gravitational Constant (32.16 ft./sec./sec.). cytes in the bone marrow. 


As menticned before, films for differential 
estimation of leukocytes were prepared imme- 
diately after blood-letting. These films were 
stained by Wright’s method using the cover- 
slip technique for film preparation. We had 


TABLE 20—Results of Blood Tests of Healthy Burros 


White Blood Cells—Males, 12,620; females, 14,360; both, 13.700. There was a significant differ- 
ence between sexes. There was some indication that the range was greater in the young animals 
than in the mature. 


Red Blood Cells—Males, 6,910,000; females, 7,100,000; both, 7,030,000. There was a significant 
difference when examined by age. A moderately significant difference in the interaction is evi- 
dence that the difference in age groups was not the same for males as females. 


Hemoglobin—Males, 11.61 Gms. for each 100 ml. of blood; females, 12.11 Gms. for each 100 ml. 
of blood; both, 11.93 Gms. for each 100 ml. of blood. There was a significant difference between 
age groups and moderate degree of significance when compared by sex. The interaction sug- 
gested a difference in pattern in both age and sex. 


Sedimentation Rate—Males, 54.37; females, 47.55; both, 50.14. There was no significance between 
ages but there was a significant difference between sexes. A moderately significant difference 
existed in the pattern by sexes. 


Hematocrit—Males, 35.93; females, 37.37; both, 36.82. There was only a moderate degree of sig- 
nificance in the difference between sexes, age and interaction. 


Heterophiles—Males, 43.12; females, 42.85; both, 42.95. No significant difference exists by sex 
or age, though there was a moderate interaction variance. 


Eosinophiles—Males, 7.51; females, 8.12; both, 7.98. There was no significant difference in age, 
sex or interaction. 

Monocytes—Males, 5.85; females, 5.52; both, 5.65. There was a significant difference between 
ages but none in sex and interaction. 


tween ages, sexes or in the interaction. 


Basophiles—Range 0.5 to 2.0%. There was no sex or age difference. 
Band Cells—Range 0.0 to 3.0%. There was no sex or age difference. 
Reticulocytes—None were found. 


All data are mean values. 


4 

| 

| 

| 

| 
Lymphocytes—Males, 42.39; females, 42.31; both, 42.34. There was no significant difference be- 
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SUMMARY 2Ibid, p. 230. 


ermination ron an in 1e ood, 
presented of the various blood cytology fab. clin. Med, 12, (1927) : 917. 
values found in 108 burros ranging in age 


ind - ‘Wong, S. Y.: Colorimetric Determination of Iron 
from 1 to 5 years, or over. Both sexes are |, Hemogiobin in the Blood. If. J. Biol. Chem., 
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Normal Variances in Horse Blood Due to Breed, Age, 
Lactation, Pregnancy, and Altitude 


LIEUTENANT COLONEL BERNARD F. TRUM, V.C., U. S. ARMY 
Oak Ridge, Tennessee 


IN ORDER TO understand some effects of 
high altitude on the horse, a clinical sur- 
vey of the blood cytology of 265 remount 
horses was made in Cochabamba, Bolivia, 
during 1949-1951. The results are presented 
here as a contribution to the general know- 
ledge of the hematology of the horse. 


HIsToRY OF SUBJECTS 


There were 265 horses examined in this 
work. Geldings, stallions, and mares of ages 
varying from 2 days to adulthood were included. 
The majority of the animals were of mixed 
breeding although some Percherons and Thor- 
oughbreds are included. The purebred animals 
were fed grain and alfalfa hay in the stables; 
the mixed breeds grazed in green alfalfa during 
the day and had eorn fodder in their corrals 
at night. A routine program of parasite control 
consisting of periodic administration of vermi- 
fuge (phenothiazine and carbon bisulfide) and 
pasture rotation was practiced on the farm. 
None of the animals was considered to be 
heavily parasitized. Twenty-four mares were 
thin, having been_ imported from Argentina 
about two months before samples of blood were 
drawn. The yearlings were also thin. At the 
time of bleeding, none of the animals was sick. 
The foals were from 2 days to 4 months old. 
The mares were grouped as barren and dry, 
barren and lactating, pregnant and dry, and 
pregnant and lactating. They were living at an 
altitude of 2,550 meters (8,375 ft.) above sea 
level. 


METHODS 


The blood was drawn from the left jugular 
vein through a 15-gauge bleeding needle. It 
was taken between 8 and 10 a.m. Animals were 
handled as quietly as possible. The purebred 
animals stood quietly. Some of the mixed 
breeds, particularly the young foals, were 
excited when caught. No restraint other than 
a halter was used. 

About half of the time, the blood counts and 
differentials were made from blood taken 


Lt. Col. Trum is with the University of Tennessee 
—Atomic Energy Commission Agricultural Re- 
search Program, Oak Ridge. 

Thanks are expressed to Lieutenant Alcibiades 
Antelo F. (Bolivian Army), and Dr. José A. 
Espinoza, V., of the Servicio Corporativo Inter- 
Americano de Salud Publica, for their professional 
assistance and to Amalia de Antezana and Irma 
Pefia for their technical assistance in this work. 


directly from the bleeding needle. Otherwise, 
all tests were done within an hour from 10 ml. 
of blood drawn into a test tube into which a 
solution of sodium oxalate had been placed and 
the water evaporated, leaving approximately 
20 mg. of sodium oxalate. If cletting occurred, 
the sample was not used. 

For differential counts of white blood cells, 
the blood films were made from freshly drawn 
blood using the spreader slide technique and 
were stained with Wright’s stain within a 
few hours. Not less than 100 cells were counted 
from each sample and several hundred were 
counted when distribution seemed unusual. 

Hemoglobin was determined by the Sahli 
method. The calibration of tubes and pipettes 
were verified. Fluid color standard was used. 

Red blood cells were diluted with Hayems 
solution (1:200) in certified pipettes and counted 
in a Neubauer counting chamber. Single counts 
were made on most samples and verified if 
considered unusual. 

Blood was diluted in certified white cell 
pipette (1:20) with 1 per cent acetic acid 
and counted in a Neubauer counting chamber. 
One count was made on most samples. Un- 
usual samples were verified by a new dilution. 

Cell volume was determined in Wintrobe 
hematocrit tubes centrifuged at 3,000 revolu- 
tions per minute for forty-five minutes. 

The arithmetical mean (average), standard 
deviation, and standard error were determined 
for each group. Significance was attributed only 
at the level of P — 0.05 or more than twice the 
standard error of the mean. Polygons (fig. 1) 
were made of distribution frequencies of major 
(most numerical) classes for the two values, 
hemoglobin and erythrocyte count (MCH). 
There seems to be sufficient symmetry to permit 
analysis of statistical data. 


RESULTS 


The results of the analyses are shown 
in table 1. The various blood values of the 
different classes of horses examined are 
given. These different classifications can 
not properly be compared, one with an- 
other, without introducing factors which 
might vitiate conclusions. For example, 
the erythrocyte count of the blood of the 
foals (10.75 + .40 millions per cmm.) can 
not properly be compared with that of the 
adult Thoroughbreds (9.37 + .32) or adult 
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Percherons (7.39 + .40) for an age com- 
parison without introducing a breed dif- 
ference, which in this case is significant. 
It would be proper to compare the foals 
with the yearlings and brood mares, all of 
which are of the same mixed breeding. 
3ecause of improper comparisons some ap- 
parent differences are illusory. 

The following are statistically significant 
differences : 

1) Foals were higher in hemoglobin 
(13.42 + .27 Gm. per ml. of blood) than 
mares (12.4 + .25) or yearling (11.27 + 
18). The yearlings were lower in hemo- 
globin than either the foals or mares. 

2) The Thoroughbreds had more red 
cells (9.37 + .32 million per cmm.) than 
the Percherons (7.39 + .40). The foals 
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(10.75 + .40) also had higher erythrocyte 
count than the mares (8.48 + .27) or year- 
lings (8.13 + .18). 

3) Both foals (10.25 + .56 thousand per 
cmm.) and yearlings (10.84+ .19) had 
more white blood cells than the mares (8.88 
+ .31). An interesting difference between 
lactating and nonlactating mares was ob- 
served. The lactating mares had fewer 
(7.83 + .28) cells than the nonlactating 
(9.41 + .383). The interaction of this dif- 
ference in pregnancy and in bareness was 
substantiating evidence of a significant 
difference. 

4) Eosinophils were found more often 
in Thoroughbred blood (8.8 + 1.61% of 
white cells) than in the blood of Per- 
cherons (4.7 + 1.20%). Lactating mares 


Frequency Distribution of MCH (He) 


Frequency 


13.5 
Maximum Number of Micro-Micrograms in intervals 


9.5 


ds 


Barren Mares 
Yearlings 


ds 


Fig. |—Distribution frequencies of major classes hemoglobin. 
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had more (7.0 + .92%) than nonlactating 
(4.8 + 44%). ° 

Two determined values are not included 
in table 1. There were so few basophils 
found that they are not computed statis- 
tically. They occurred in the order of .10 
per cent of white cells. The packed cell 


volume of blood for the whole group aver- 
aged 40 per cent with a range of 25 to 55 
per cent. The packed cell volume of blood 
for yearlings only was 33 per cent with a 
range of 25 to 50 per cent. 


DISCUSSION 


It is now apparent that divergent values 
for formed constituents in the blood of 
the horse are to be expected. It is the in- 
herent differences between horses and in 
their environment that cause these varia- 
tions. A general pattern is emerging which 
allows us to evaluate specific data. 

Breed differences in the blood cytology 
of the horse have been mentioned by other 
authors. MacLeod et al.!* have noted that 
Thoroughbreds have more red blood cells 
per milliliter of blood than ‘“cold-blooded”’ 
breeds. Neser! found a similar difference. 
Romijn '* reported a significant difference 
in both red blood cells and hemoglobin be- 
tween cold-blooded horses and “warm- 
blooded” horses. However, Romijin’s warm- 
blooded animals were not Thoroughbreds 
and resembled in breed characteristics the 
American Standard Bred considered as 
cold-blooded by MacLeod. When the work 
of Hansen et al.°!° on Thoroughbreds is 
compared with that of Stewart and Hol- 
man! reporting on Clydesdales the same 
difference is noted. We found that the 
Thoroughbreis had a significantly higher 
erythrocyte count than the Percheron but 
no significant difference in the amount of 
hemoglobin. 

The possibility of sex differences in 
blood values was considered. Hansen et 
al.7 found the sex difference in weanlings 
to be statistically insignificant. Romijn" 
found a small but not significant difference 
of red blood cells between sexes in mature 
horses and quoted Wirth as finding the 
same, but said that Vaulent'? considered 
the difference significant. Romijn wrote 
that he and Van Den Berg ! found no sig- 
nificant difference in hemoglobin between 
the sexes. Only among the yearlings and 
foals did we have sufficient numbers to be 
of value and no difference was noted. It 


seems very probable that there is no sig- 
nificant difference in blood cytology due 
to sex alone. 

We found that age made a significant 
difference in red blood cell count, hemo- 
globin, and white cells. In general, the 
foals were higher than adults and the 
yearlings lower, except that both yearlings 
and foals were higher than adults (mares) 
in white blood cells. This also is what is 
found in the human being, according to 
Wintrobe,'® if it is considered that the 
foal is an infant and the yearling is an 
adolescent. We could not find this exact 
pattern in MacLeod’s'? nor in Hansen’s*!° 
work, although in both cases there was a 
significant increase of leucocytes in the 
young over the adults. Todd et al.’® men- 
tioned the fact that they did not observe 
an immediate decrease in total erythrocytes 
after birth in the foal. We have observed 
this phenomenon several times. The high- 
est count recorded was a foal immediately 
after birth (16.7 million) which had 
dropped to 13.0 million in thirty-six hours. 
The others were not quite as high but the 
depression was of the same magnitude. In- 
completed studies on blood volume made 
by us seem to indicate that this extremely 
high erythrocyte counts of the newborn 
may be a manifestation of low blood plasma 
volume which rapidly corrects itself. 
Romijn'* concluded that age did not in- 
fluence the hemoglobin content of the blood, 
however, he thought that younger warm- 
blooded mares had a higher packed cell 
volume and noted that Van Den Berg! re- 
ported a like difference among 250 Aus- 
tralian horses. However, in this case, both 
classes were adult animals, the young being 
under 10 years and the old over 10 years of 
age. 

Before leaving the influence of age, it 
might be pointed out that of all horses the 
young foal is the most difficult to bleed 
without frightening it. A truly young foal 
will become frightened when held firmly, 
however gently. Neser'™ stated that an 
increased pulse rate caused by excitement 
can raise the red blood cells in jugular 
blood by nearly a million cells per cubic 
millimeter. Hansen et al.® demonstrated 
that it might be increased even as much 
as 4 million in a mare. Therefore, the 
blood count of young timid animals may 
be raised by this excitement alone. 

It will be recalled that the yearlings and 
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a few mares, subjects of this report, were 
thin. Physical fitness might conceivably 
be a cause of a change in blood constitu- 
ents, but MacLeod® found that in well- 
nourished animals a high degree of fitness 
did not alter the erythrocyte count. Neser! 
endeavored to show that the blood count of 
the horse depended to a large extent on 
the physical condition — stalled horses 
ranged from 3.9 to 7.0 million red blood 
cells per cubic millimeter, horses doing fast 
work from 7.4 to 11.5, and race horses from 
9.0 to 11.0. It is clear that this has not 
demonstrated the relationship of blood 
counts to physical fitness because a type 
and breed factor has been introduced which 
could account for the differences shown. 
It does not follow, a priori, that poor con- 
dition can not affect the blood value, but 
it has not been demonstrated. One is apt 
to associate parasitism with thin horses. 
However, Hansen et al.7 has reported that 
light to moderate infestations of parasites 
did not significantly alter erythrocyte 
counts. 

The cellular content of the nonlactating 
mare’s blood is higher than that of the 
lactating mare. Hansen et al.'® also noted 
this. 

There was no significant difference found 
in our animals when the blood cytology of 
pregnant and barren mares were compared. 
Also, when the “blood values of the preg- 
nant and barren mares, reported by Hansen 
et al.®.® were compared there was no dif- 
ferences noted. However, MacLeod et al.'* 
found a lower count in the barren mares. 

An interesting observation was made in 
a few pregnant mares listed in table 2. 


TABLE 2—Red Blood Cell Count of Pregnant Mares 


Red blood cells 
count per ml., 
after foaling 


Red blood cells 
per ml., count 
before foaling 


Identity 
of mare 
(no,) 


8,000,000 (1 week) 
10,000,000 (2 weeks) 
12,500,000 (1 day) 
11,250,000 (3 days) 


7,382,000 10,440,000 


30 7,369,000 
191 5,600,000 

2 8,400,000 
108 8,080,000 


Average 


Too few mares have been observed to state 
more than that there appears to be an 
anemia in late pregnancy, followed by a 
polycythemia immediately following preg- 
nancy. This physiological change is noted 
in women. Dieckmann and Wegner® sug- 
gested that it can be explained by an in- 
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crease of 25 per cent plasma volume and 
23 per cent blood volume in the woman at 
term. This imbalance is rectified by a loss 
of fluids. 

Foals and yearlings had more white blood 
cells than the older animals (mares,). 
Thoroughbreds had more eosinophils than 
the Percherons and the lactating mares 
had more than the nonlactating. The range 
is wide and the standard deviation large 
on the differential counts of leukocytes. 
These results compare well with those re- 
ported by Hansen,®® Todd,'!® MacLeod?2, 
Stewart,!© and Dukes.‘ 


TABLE 3—Mean Corpuscular Hemoglobin 


Mean corpuscular hemoglobin 
(Hb.) 
in micro micrograms 
(r.b.c.) 

Results of authors 
Hansen 
(Todd) 


Classification 


of horse This paper MacLeod 


Foals 12.4 of 2.0 
Weanlings 6 9 
Yearlings 13.8 
Pregnant 15.¢ 
Barren 
Lactating 
Nonlactating 
Draft horses 6 
tiding horses 
(geldings) 13.7 ame 4.2 
Thoroughbreds 13.5* 3.74* 13.3°° 


*Stallions and barren mares. **Stallions, geld- 
ings, and barrens mares. 


Table 3 was prepared from our data and 
figures in the reports of Hansen et. al.,®:® 
Todd,'® and MacLeod.!2 The mean cor- 
puscular hemoglobin is used because by 
this we may compare at a glance the ratio 
of two separately computed values. For 
the most part, there is a nice agreement 
between the MCH values. Many of the 
contradictory results in previous studies 
mentioned by Romijn'* when he compared 
his results with those of Kuhl,!! Van Den 
Berg,! Wirth,!® Vaulant,’7 and Berg? can 
be explained as normal variations of dif- 
ferent classes of horses. 

An increase in erythrocytes due to alti- 
tude, which was noted by Esponoza® in the 
human population of Cochabamba, Bolivia, 
was not established in the horse. When 
we compared the blood values of Clydes- 
dales given by Stewart and Holman” with 
the blood values of our Percherons, we 
found an increase in red blood cells. A sim- 
ilar increase due to altitude may be in- 
ferred by a comparison of the normal, as 
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given by Dukes,* with our averages. How- 
ever, when the Thoroughbreds reported 
here were compared with the results of 
MacLeod!? and Hansen et al.®-8 this differ- 
ence was not found. There is, therefore, 
no reliable evidence for or against an in- 
crease of the red blood cells in horses due 
to high altitude alone. 


SUMMARY 


The cell counts and hemoglobin content 
of the blood of 265 Bolivian remount horses 
are given. A breed and age difference in 
cell counts is indicated as well as a dif- 
ference during lactation. The sex of the 
animal did not seem to effect the blood 
values significantly. Pregnancy seems to 
result in a near term anemia and a post- 
partum polycythemia. Neonatal polycy- 
themia was noted. It is demonstrated that 
the practice of comparing absolute numbers 
taken from blood values from incomparable 
samples will lead to false and unwarranted 
deductions. 
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The Effect of Some N-Heterocyclic Compounds on the 
Developmental Stages of Horse Strongyles 


NORMAN D. LEVINE, Ph.D., and VIRGINIA IVENS, B.S. 


Urbana, 


LEVINE!® (1949) REPORTED that 0.01 per 
cent (0.00038 M.) nicotine sulfate killed 
99 per cent of the developmental stages of 
horse strongyles in feces. This pyridine- 
pyrrolidine compound is a standard anthel- 
mintic for Ascaridia galli in poultry. Be- 
cause of its activity against nematodes and 
because other N-heterocyclic compounds 
have been found to be toxic for arthropods 
and other organisms, it was felt worth- 
while to screen various pyridine, piperidine 
and other N-heterocyclic compounds against 
horse strongyle larvae. 

Parnell” “ reported that 0.25 per cent of 
pyridine killed horse strongyle larvae in feces, 
but that it required 2.9 per cent of nicotine 
sulfate to do so. Cameron and Parnell? found 
that 0.15 per cent of oxyquinoline sulfate killed 
horse strongyle larvae in feces. Levine” re- 
ported that several N-iodides of pyridine, 
piperidine, and quinoline were very active 
against horse strongyle larvae, but that this ac- 
tivity was probably due to the iodide ion rather 
than to the basic rings. Vioform (5-chloro- 
7-iodo-8-hydroxyquinoline) was inactive. 

Baldwin' studied the effect of a number of 
N-heterocyclic compounds on the contractility 
of anterior sections of Ascaris lumbricoides. 
Among ten thiazole derivatives, only two were 
active. The most effective of nine pyridine 
compounds was 4-benzylpyridine, which caused 
paralysis in a concentration of 1: 10,000. Pyri- 
dine, 2-methylpyridine, and 2-aminopyridine 
caused paralysis at 1: 5000, 2-chloropyridine 
and arecoline did so at a concentration of 
1: 1000, while 1-methyl-2-pyridine, sulfapyri- 
dine, and nikethamide failed to cause paralysis 
at that concentration. Baldwin found that 
2,2’-dipyridyl, which caused paralysis at a con- 
centration of 1: 100,000, was by far the most 
active of the dipyridyls he studied. He found 
further that 2,2’,2”-tripyridyl caused paralysis 
at 1: 50,000, and that 4,5-phenanthroline did so 
at 1: 100,000 while 1,5-phenanthroline did so 
only at 1: 1000 and 1,8-phenanthroline was in- 
active. 

Hewitt et al.’ studied the effects of a large 
number of piperazine derivatives against Lito- 
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mosoides carinii in the cotten rat and 
Dirojilaria immitis in the dog. Of these 
1-diethylcarbamyl-4-methylpiperazine ( — cari- 
cide, hetrazan) was selected as the most 
promising. It has been used _ successfully 
against Wuchereria bancrofti and other filariids 
in man, and an extensive literature has been 
built up on its use in this host. It is a standard 
treatment for Dirofilaria immitis in the dog. 
In addition, Hewitt et al.’ and Colglazier and 
2nzie*® found that it was effective against 
ascarids but not against hookworms, whip- 
worms, or tapeworms in the dog. Riedel* re- 
ported that it was effective against Ascaridia 
gallii in the chicken, and Werner” used it 
successfully in a dog with Strongyloides infec- 
tion. Todd, Hansen, Kelley and Wyant” found 
that caricide was ineffective against Strongylus 
vulgaris fourth stage larvae in the horse. 

Kartsonis and Austin‘ reported that N-methyl 
tetrahydro methyl nicotinate-p-carboxyphenyl 
stibonic acid (— anthelin) was effective 
against Dipylidium caninum, Taenia sp., Toxo- 
cara canis, and Torascaris leonina in dogs. 

Tests of a large number of N-heterocyclic 
compounds, and particularly of quinoline and 
pyridine compounds, against several species of 
Plasmodium have been summarized by Wise- 
logle.” Many quinoline compounds are active 
antimalarials, but the pyridine compounds have 
little activity. 

Studies on the effects of pyridine, dipyridyl, 
piperidine, and other N-heterocyclic compounds 
on arthropods have been reported by Richard- 
son and Smith,” Smith, Richardson and Shep- 
ard,” Richardson and Shepard,” Richardson, 
Craig and Hansberry,” King and Frear,’-" and 
King, Frear and Dills.” Their findings will be 
discussed below. 


METHOD 


The technique used in the present study has 
been described by Levine.” Briefly, it consisted 
of mixing the compound to be tested with tal- 
cum powder at ten times the desired final con- 
centration, and then mixing 0.5 Gm. of this 
mixture with 4.5 Gm. of fresh horse feces con- 
taining strongyle eggs. The final mixture was 
suspended in a cheesecloth bag in a closed, 
2-ounce, wide-mouth glass jar. The jar was 
placed in a dark cupboard for a week and then 
examined for larvae. The condensation water 
in the jar was examined, and the larvae in the 
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feces were concentrated with a Baermann ap- 
paratus for examination. 

Concentrations of 0.01, 0.005, 0.0025, 0.001, 
0.0005, and 0.00025 M. were employed for each 
compound. Untreated controls were set up at 
the same time. The presence of larvae in a 
jar was taken to indicate that the compound 
was ineffective. In a few exceptional cases, a 
very few larvae were found with the Baermann 
apparatus. Since these were much less than 
1 per cent of the numbers found in the ccn- 
trols, the compound was considered effective in 
these cases. 

The feces used in this study were obtained 
from several horses on a single farm. Of 2,200 
larvae identified from animals on this farm, 
99.4 per cent were those of small strongyles, 
0.55 per cent of S. vulgaris and 0.05 per cent of 
Strongylus edentatus. 


RESULTS 


The lowest lethal 
moles) are listed below. 


concentrations (in 


Pyridine and Its derivatives 


0.01 inactive 
0.01 inactive 
0.01 inactive 
0.00025 


pyridine 

3-methylpyridine* 

2,6-dimethylpyridine* 

2-hexylpyridine* 

n-dodecyl bromides of mixed 
methyl pyridines* 

2-vinyl-6-methylpyridine* 

2-vinylpyridine* 

2-aminopyridine*** 

2-(1’-ethanol) pyridine* 

2-( 2’-ethanol ) -6- 
methylpyridine* 

2,6-di (2’-ethanol) 

nicotinic acid** 

isonicotinic acid* 

methylpicolinate* 

methylisonicotinate* 

dipicolinic acid* 

nicotinamide** 

chlorinated 2-methylpyridine 
c. 4 Cl)* 

chlorinated 2-methvipyridine 
(c. 5:Cl)* 

2-trichloromethy]1-3,4,5-tri- 
chloropyridine* 

chlorinated 3-methylpyridine 
(c. 4 Cl)* 

chlorinated 4-methylpyridine 
(c. 5 Cl)* 

chlorinated 2,4-dimethylpyri- 
dine (c. 5 Cl)* 


0.01 inactive 
0.005 
0.005 
0.01 

0.01 inactive 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 


inactive 
inactive 
inactive 
inactive 
inactive 
inactive 
inactive 
inactive 


pyridine* 


0.01 inactive 


0.01 inactive 


0.01 inactive 


0.0025 
0.01 


0.01 inactive 


*Courtesy of Dr. C. W. Kearns, Department of 
Entomology, University of Illinois and of Koppers 
Company, Inc. 

**Courtesy of Dr. C. S. Marvel, Department of 
Chemistry, University of Illinois. 

***Courtesy of Reilly Tar and Chemical Corpo- 
ration. 
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chlorinated 2,4-dimethylpyri- 
dine (c. 6 Cl)* 

1,1,1-trichloro-2-hydroxy-3- 
(2’-pyridyl) propane* 

3,5-dichloropicolinic acid* 

3,4,5-trichloropicolinic acid* 

methyl tosylate of 2-methyl- 
pyridine* 

methyl tosylate of 2,4- 
dimethylpyridine* 

2-[ (1’,3’-diketoindan ) -2’] 
pyridine* 

4-[ (1’,3’-diketoindan ) -2’] 
pyridine* 

2-[ (1’,3’-diketoindan ) -2’]-4- 
methylpyridine* 

2-[ (1’,3’-diketoindan ) -2’]-6- 
methylpyridine* 

nicotine sulfate (from Levine, 
1949) 

sulfates of distilled dipyridyls 
from pyridine* 

sulfates of distilled dipyridyls 

from 3° tar bases* 

sulfates of distilled dipyridyls 
from denaturing grade bases* 

acetates of distilled dipyridyls 
from pyridine* 

crude dipyridyls from 
2-methylpyridine* 

distilled dipyridyls from 
2-methylpyridine* 

sulfates of distilled dipyridyls 
from 2-methylpyridine* 

acetates of distilled dipyridyls 
from 2-methylpyridine 

1,2-di-(2’-pyridy]l) ethane* 

1,3-di-(2’-pyridy]l) propane* 

1,2,3-tri-(4’-pyridy]l ) propane* 

sym-di-(2-pyridyl) thiourea* 

2,3,4,5-tetra-(4’-pyridy]) thio- 
phene dihydrochloride* 

um) thiophene tetrachloride* 

2,3,4,5-tetra-(1’-dodecyl-4’- 
pyridinium )thiophene tetra- 
chloride* 

2,3,4,5-tetra- (1’-n-hexadecyl-4’- 
pyridinium ) thiophene tetra- 
chloride* 

2,3,4,5-tetra-(1’-octadecyl-4’- 
pyridinium ) -thiophene 
tetrachloride* 

Reaction product of 2,3,4,5- 

tetra-(4’-pyridy]) thiophene 

and 4,6-dinitro-o-cresol* 
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inactive 
inactive 
inactive 
inactive 
inactive 
inactive 

0.01 inactive 

0.01 inactive 

0.01 inactive 

0.01 inactive 

0.00038 

0.01 

0.01 inactive 

0.01 inactive 

0.01 

0.005 

0.0025 

0.005 


0.01 

0.005 

0.01 inactive 
0.04 inactive 
0.01 

0.0186 inactive 


0.01 inactive 
0.0083 inactive 
0.007 inactive 


0.0065 inactive 


0.0127 


Piperidine and Its derivatives 


Piperidine* cf 
2-methylpiperidine* 
mixed methylpiperidines* 


0.01 inactive 
0.01 inactive 
0.01 inactive 
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0.01 inactive 
0.0025 

0.01 inactive 
0.01 

0.01 inactive 
0.01 inactive 
0.01 inactive 
0.01 inactive 


N-isopropylpiperidine* 
N-n-dodecylpiperidine* 
N-nitrosopiperidine* 
N-nitroso-2-methylpiperidine* 
1,3-dimethylpiperidine* 
1,4-dimethylpiperidine* 
1,2,6-trimethylpiperidine* 
1-ethy]-2-methylpiperidine* 
dinium bromide* 
N-n-hexadecyl-N-isopropyl- 
piperidinium bromide* 
N-n-hexadecyl-N-ethyl-2- 
methy!piperidinium bromide* 
N-n-dodecyl-N-methyl-3- 
methylpiperidinium bromide* 
N-n-tetradecyl-N-methyl-3- 
methylpiperidinium bromide* 
N-n-dodecyl-N-methyl-4- 
methylpiperidinium bromide* 
Dibenzoyl octahydronicotine** 
B-naphthyl-8-piperidinoethyl 
ketone hydrochloride* 
hexahydronicotine** 
acetylhexahydronicotine** 
benzoylhexahydronicotine** 
phenyl-8-piperidinoethyl 
ketone hydrochloride* 
ethyl ketone hydrechloride* 
2-piperidinomethylcyclohexa- 
none hydrochloride* 
2-piperidinomethyl-4-methyl- 
cyclohexanone hydrochloride* 0.01 
5-oxo-6-piperidinomethyltetra- 
lin hydrochloride* 
1,2-di-(4’-piperidy]l ) ethane 
dihydrochloride* 0.01 inactive 
1,2-di-(N-ethyl-4’-piperidyl) 
ethane* 


0.01 inactive 
0.01 inactive 
0.01 

0.01 inactive 
0.01 inactive 


0.01 inactive 
0.01 inactive 


0.01 inactive 
0.01 inactive 
0.01 inactive 
0.01 inactive 
0.01 inactive 


0.01 


0.01 inactive 


0.01 inactive 


0.01 inactive 


Pyrimidine derivative 
1-(o-bicyclohexy]) 2-thio-4,4,6- 
trimethyldihydropyrimidine* 0.01 inactive 
Piperazine derivative 
1-diethylcarbamy]-4-methyl- 
piperazine dihydrogen 
citrate (= hetrazan, 


— caricide) ****** 0.01 inactive 


Pyrrolidine derivative 
N-chlorosuccinimide***** 0.01 inactive 

Triazolidine derivatives 
urazole**** 0.01 inactive 
urazine**** 0.01 inactive 


****Courtesy of Dr. L. F. Audrieth, Department 
of Chemistry, University of Illinois. 

*****Courtesy of Arapahoe Chemicals, Inc. 

#*e***Courtesy of American Cyanamid Corpora- 
tion. 
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Thiazole derivative 
2-amino-5-nitrothiazole 


(= enheptin T)****** 0.01 inactive 


Indole derivatives 
N-vinylindole* 0.01 
2,3-dimethylindole* 0.01 


Benzoxazole derivative 
2-aminobenzoxazole* 0.01 inactive 


Quinoline derivative 
6-methoxy-8-aminoquinoline** 0.01 inactive 


Pyrrocoline derivative 
2-phenylpyrreocoline* 0.01 inactive 


Carbazole derivative 
N-vinylcarbazole* 0.01 inactive 


DISCUSSION 

Thirty-six of the 52 pyridine compounds, 
24 of the 29 piperidine compounds, and the 
few pyrimidine, piperazine, pyrrolidine, 
triazolidine, thiazole, benzoxazole, quino- 
line, pyrrocoline, and carbazole compounds 
studied were inactive at the highest concen- 
tration tested, which was at least 0.01 M. 
The two indol derivatives were toxic at a 
concentration of 0.01 M. It should be worth- 
while to test other indol derivatives. 

The greatest activity observed was among 
the pyridine derivatives. The most toxic 
compound was 2-hexylpyridine, which kill- 
ed at a concentration of 0.00025 M. Nico- 
tine sulfate was not tested at this concen- 
tration but killed at 0.00038 M. Other 
active compounds in the 2-substituted series 
were 2-vinylpyridine, 2-vinyl-6-methylpyri- 
dine (0.005 M.), and 2-aminopyridine 
(0.01 M.). The effect of vinyl pyridines on 
other organisms has apparently not been 
reported, but studies on the other two 
compounds have been made. King, Frear, 
and Dills'* found 2-n-hexylpyridine to be 
toxic to the bean aphid, Aphis rumicis, 
when used as a contact spray. King and 
Frear’? found that when used as a fumigant, 
it was more active than pyridine against the 
red spider mite, Tetranychus telarius, and 
less toxic than pyridine against the milk- 
weed bug, Oncopeltus fasciatus, and the 
confused flour beetle, Tribolium confusum. 
It was also somewhat toxic for T. confusum 
when mixed in its diet. 2-aminopyridine 
was about as toxic for the bean aphid as 2- 
hexylpyridine when used as a _ contact 
spray? and more toxic than pyridine against 
the red spider mite.® Baldwin! found that 
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both pyridine and 2-aminopyridine were 
toxic for A. lumbricoides, paralyzing an- 
terior section preparations at a concentra- 
tion of 1:5000. In the present study 
with the stages of horse strongyles in feces, 
pyridine was inactive at 0.01 M., 2-amino- 
pyridine was active at that concentration, 
and 2-hexylpyridine was 40 times as toxic 
as 2-aminopyridine. 

Only two of the ten chlorinated pyridine 
derivatives were active. These were chlori- 
nated (approximately 4 Cl) 3-methylpyri- 
dine (0.0025 M.) and chlorinated (ap- 
proximately 5 Cl) 4-methylpyridine (0.01 
M.). 

Because of their relationship to nicotine, 
the dipyridyls are an interesting group. 
Most of the dipyridyls and their sulfates 
and acetates were active. The distilled 
dipyridyls from 2-methylpyridine were 
toxic at a concentration of 0.0025 M., which 
was twice the active concentration of their 
sulfates or of the crude dipyridyls from 2- 
methylpyridine. The sulfates of the distilled 
dipyridyls from 2-methylpyridine, in turn, 
were twice as active as their acetates or as 
the sulfates of the distilled dipyridyls from 
pyridine. 

The tests of dipyridyls were carried out 
on mixtures, since no pure single com- 
pounds were available. It is likely that 
tests of pure dipyridyls would reveal dif- 
ferences in toxicity. The position of the 
linkage between the two rings has a marked 
effect on the toxicity of nicotine analogues. 
Richardson, Craig, and Hansberry!* found 
that B-nicotine (which has a 3,2’ linkage). 
is 15.6 times as toxic for the bean aphid as 
y-nicotine which has a_ 2,2’ linkage). 
Similarly, Smith, Richardson, and Shepard? 
found with the same aphid that 2,2’- and 
2,3’-dipyridy!s were twice as active as 3,3’- 
dipyridyl. The most striking difference was 
reported by Baldwin,! who found that 2,2’- 
dipyridyl was more than 100 times as toxic 
for A. lumbricoides anterior segments as 
2,3’-dipyridyl, while 3,4’- and 4,4’-dipyridyls 
were inactive at the highest concentration 
tested. 

The insertion of two methylene groups 
between the pyridine rings to form 1,2-di- 
(2'-pyridyl) ethane caused little if any de- 
crease in activity, since this compound was 
toxic at a concentration of 0.005 M. How- 
ever, insertion of a third methylene group 
between the rings to form 1,3-di-(2’-pyri- 
dyl) propane was followed by a loss of ac- 
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tivity. On the other hand, sym-di-(2-pyri- 
dyl) thiourea, in which there are also three 
atoms between the pyridine rings, was 
active at a concentration of 0.01 M. 

Only five of the 29 piperidine compounds 
tested were active. The most toxic was N- 
n-dodecylpiperidine, which killed the stron- 
gyles at a concentration of 0.0025 M. The 
other four compounds were active at a con- 
centration of 0.01 M. Saturation of the 
pyridine ring of nicotine to form hexa- 
hydronicotine was accompanied by loss of 
activity. 

Of interest in this connection are the 
reports of King and Frear!® on the milk- 
weed bug and confused flour beetle, and 
King, Frear and Dills'* on the bean aphid. 
They found that 2-n-hexylpiperidine was 
more toxic for the confused flour beetle and 
the milkweed bug, but less toxic for the 
bean aphid, than its pyridine counterpart, 
while 4-n-amylpiperidine was more toxic 
for the milkweed bug but of about the same 
toxicity for the confused flour beetle and 
the bean aphid as its pyridine counterpart. 

The only thiazole derivative tested was 
2-amino-5-nitrothiazole (enheptin T), which 
was reported by Waletzky, Brandt, Bliznick 
and Hughes** and Waletzky, Clark and 
Marson”’ to be effective against the proto- 
zoon Histomonas meleagridis in turkeys. It 
was inactive against horse strongyle larvae 
in the highest concentration tested. 

The piperazine derivative, caricide, was 
ineffective against horse strongyle larvae. 
This is not unexpected. Although this com- 
pound is toxic for many filariids, ascarids 
and Strongyloides, Todd et al.** found that 
it was not effective against fourth stage 
strongyle larvae in the horse and Hewitt 
et al.? and Colglazier and Enzie*® found that 
it was ineffective against the closely related 
Ancylostoma caninum in the dog. 

Parasite Stages Affected.—There are four 
developmental stages in horse feces—the 
egg, first stage larva, second stage larva, and 
third stage larva. The first two larval stages 
feed on bacteria and other material in the 
feces while the third stage larva is en- 
sheathed and does not feed. 

Eggs were separated from feces by flota- 
tion with saturated sodium chloride solu- 
tion, and larvae of all three stages by the 
Baermann technique. The first stage larvae 
were collected after the fecal sample had 
been allowed to incubate at room tempera- 
ture for one day, the second stage larvae 


| 
| 


524 


NORMAN D. LEVINE AND VIRGINIA IVENS 


Am. J. Ver. 
OcToBER 1952 


after it had incubated two days, and the 
third stage larvae after it had incubated 
one week. 

All four stages were washed repeatedly 
with water, and groups of 50 to 100 were 
treated with 0.01 M. of 2-hexylpyridine in 
small Syracuse watch glasses (l-in. di- 
ameter). 

Since this compound is not significantly 
water-soluble, two series of tests were car- 
ried out. In the first series, the compound 
was dissolved in ether and placed in the 
watch glass. The ether was allowed to evapo- 
rate, leaving a thin layer of 2-hexylpyridine 
on the bottom of the watch glass. The 
eggs or larvae were then placed in the 
watch glass in 1 ml. of water, a coverslip 
was sealed onto the watch glass with 
vaseline, and the preparations were ob- 
served for five days. Untreated control 
preparations were also made. Neither the 
eggs nor the larvae were markedly affected 
by the compound. 

In the second test, the compound was 
emulsified with 0.5 per cent Triton NE, 
and the eggs or larvae were placed in 1 ml. 
of the emulsion as described above. Con- 
trol preparations in 0.5 per cent Triton NE 
and in water were also made. In the pre- 
parations containing 2-hexylpyridine, the 
eggs failed to embryonate, and the first and 
second stage larvae were killed in less than 
a day. The third stage larvae, however, were 
not markedly affected even after five days. 


SUMMARY 


In a study of the effect of 93 N-heterocy- 
clic compounds on the developmental stages 
of horse strongyles in feces, it was found 
that 16 of 52 pyridine derivatives, five of 
29 piperidine derivatives, and two indol 
derivatives were toxic at a concentration 
of 0.01 M. or less. The most active com- 
pounds were 2-hexylpyridine, which killed 
the nematodes at a concentration of 0.00025 
M., and nicotine sulfate, which did so at 
0.00038 M. Other active compounds in- 
cluded chlorinated (approximately 4 Cl) 
3-methylpyridine, mixed dipyridyls from 2- 
methylpyridine, and N-n-dodecylpiperidine 
(0.0025 M.); 2-vinylpyridine, 2-vinyl-6- 
methylpyridine, the sulfates of dipyridyls 
from 2-methylpyridine, and 1,2-di-(2’- pyri- 
dyl)ethane (0.005 M.); and 2-aminopyri- 
dine, chlorinated (approximately 5 Cl) 4- 
methylpyridine, the sulfates and acetates 
of dipyridyls from pyridine, the acetates 


of dipyridyls from 2-methylpyridine, 
sym-di-(2-pyridyl) thiourea, N-nitroso-2- 
methylpiperidine, N-n-hexadecyl-N-ethy]-2- 
methylpiperidinum bromide, 4-methylphen- 
yl-B-piperidinoethyl ketone hydrochloride, 
2-piperidinomethy]- 4-methyleyclohexanone 
hydrochloride, N-vinylindole and 2,3,-di- 
methylindole (0.01 M.). 

Saturation of the pyridine ring of nico- 
tine to form hexahydronicotine was accom- 
panied by loss of anthelmintic activity. 
Caricide, which is active against filariids 
and ascarids, was inactive in this study. 

Washed eggs and first and second stage 
larvae were killed by an emulsion of 0.01 
M. 2-hexylpyridine in 0.5 per cent Triton 
NE, but washed third stage larvae were not 
markedly affected even after five days. 
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A Study of Postvaccinal (Hog Cholera) Losses 
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LITERATURE CITED 

In 1916, only eight years after the publica- 
tion of the classical work of Dorset, McBryde, 
and Niles,' Starr? reported unfavorable reac- 
tions following hog cholera vaccination. In 
this report, he suggested that underdosing with 
hog cholera antiserum was a cause of post- 
vaccination sickness. Later, Conn,* Cahill,‘ 
Hell,® * and Kernkamp’ ccnsidered bacterial in- 
fection (latent, concomitant, or secondary) as 
a possible cause, while Birch® and Kernkamp* 
also recognized the possibility that other con- 
ditions may affect the physical well-being of 
the vaccinated pig. On the basis of experi- 
mental results, Cahill’ * maintained that sick- 
ness following vaccination was due to some 
condition other than hog cholera and theorized 
that an abnormal host-antigen relationship 
might be responsible. Benner” held that im- 
potent hog cholera antiserum, and hog cholera 
virus were responsible, while Birch*® urged care- 
ful handling of the biological products to pre- 
vent loss of potency. 

Research conducted by the Bureau of Animal 
Industry, United States Department of Agri- 
culture (BAI, U.S.D.A.), resulted in the recog- 
niticn of a variant hog cholera virus" ™ as a 
factor in some of the postvaccinal disturbances 
of swine in 1949 and 1950. In an effort to pre- 
vent such losses, Dale, Schoening, Cole, Henley, 
and Zinober“ recommended (a) increased 
serum dosage in immunization of pigs by the 
serum-virus method and (b) vaccination before 
weaning. 

During the summer of 1950, postvaccinal 
reactions accompanied by serious death 
losses occured in Illinois swine herds, The 
actual proportion of herds or animals which 
became affected is unknown. In a limited 
field survey of herds in which death losses 
occurred, the mortality varied from 24 to 
100 per cent. Necropsy usually revealed 
evidence of septicemia accompanied by 
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bronchopneumonia or enteritis or both. A 
majority of the affected animals which were 
examined postmortem had shown fever and 
leukopenia. Naturally, the relation of hog 
cholera to the losses deserved investigation. 
In an effort to examine this relationship, 
pig inoculation tests were instituted. The 
primary purpose of this report is to record 
the results of inoculating hog cholera-sus- 
ceptible, hog cholera-vaccinated and serum- 
protected pigs with blood and other tissues 
of pigs suffering postvaccinal illness. Sec- 
ondarily, the results of a cross-immuniza- 
tion test between hog cholera viruses and 
hog cholera antiserums from two sources 
are reported. 


MATERIALS AND METHODS 


Tissues selected for study were collected 
postmortem from sick pigs submitted to the 
diagnostic laboratory of the College of Veter- 
inary Medicine, University of Illinois. Blood, 
spleen, kidney, and occasionally gall bladder 
were saved for inoculation purposes. All blood 
was oxalated except in test V, in which it was 
defibrinated. All tissues were held at approxi- 
mately —15 C. until inoculated into experi- 
mental pigs three to twenty-seven days later. 

Tissue suspensions for animal inoculation 
were prepared by grinding the tissues in ap- 
proximately four volumes of physiological sa- 
line. Although large tissue particles were 
removed from the suspension by passing it 
through several layers of gauze, none of the 
inoculums was passed through a_ bacterial 
filter. Hence, each inoculum (except in tests 
I and V) was cultured on blood agar and Mac- 
Conkey’s agar immediately prior to pig in- 
oculation to determine the presence or absence 
of pathogenic bacteria. Contaminating organ- 
isms such as Escherichia coli and Micrococcus 
albus were frequently isolated, but other 
organisms generally considered pathogenic for 
swine were not found. 

All inoculations were made subcutaneously 
into the axillary space. All vaccinated pigs had 
received hog cholera virus and hog cholera 
antiserum at least fifty-six days previously. 
Leukocyte counts were made on oxalated blood 
obtained from the jugular vein or from the 
axillary blood vessels when the animals were 
killed for autopsy. 

The inoculated pigs were kept in clean, dis- 
infected pens and precautions were taken to 
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avoid introduction of intercurrent infections 
so far as possible. The pigs were given free 
access to an adequate ration (University of 
Illinois 12-W). All inoculated pigs that died 
or were killed in extremis were examined for 
gross lesions. Liver, spleen, and kidney were 
routinely cultured on blood agar and Mac- 
Conkey’s agar. 


INOCULATION STUDIES 


Inoculation Test 1.—Herd 1 suffered post- 
vaccinal illness beginning ten days after 
simultaneous vaccination with hog cholera 
virus and hog cholera antiserum. Symptoms 
included fever, unsteady gait, weakness, and 
loss of weight. Five milliliters of inoculum 
containing spleen, gall bladder, and blood, 
taken at time of autopsy of swine from this 
herd were injected subcutaneously into each 
of 3 hog cholera-susceptible pigs. Two of 
these pigs received simultaneously a mini- 
mum protective dose of hog cholera anti- 
serum. Three hog cholera-susceptible pigs 
from the same lot were vaccinated with 
regular doses of commercial hog cholera 
virus and hog cholera antiserum and were 
confined in a separate pen. One hog cholera- 
vaccinated pig in a third pen received 5 ml. 
of the tissue suspension (see table 1), Be- 
ginning one day before inoculation, white 
blood cell counts and body temperatures 
were recorded daily for sixteen days on the 
7 pigs. 

On the eighth day after inoculation, the 
susceptible pig that had received only the 
tissue suspension showed lethargy, diarrhea, 
fever, and leukopenia. Autopsy following 
death on the eleventh day revealed lesions 
considered characteristic of hog cholera. 
Salmonella was isolated from the liver, 
spleen, and kidney, and Pasteurella multo- 
cida was isolated from the lungs. 

The 2 susceptible pigs receiving the tissue 
suspension and hog cholera antiserum si- 
multaneously remained healthy as did the 
previously vaccinated pig receiving tissue 
suspension only. Daily leukocyte counts and 
body temperatures of the 6 remaining pigs 
did not vary significantly from normal. 

Inoculation Test 2.—Oxalated blood was 
collected from swine of herd 2, which had 
just become sick although they had been 
vaccinated with hog cholera virus and hog 
cholera antiserum four weeks earlier. Five 
milliliters of the blood were injected sub- 
cutaneously into each of 3 susceptible pigs 
and into 2 pigs which had been previously 
vaccinated with hog cholera virus and hog 


cholera antiserum. One of the hog cholera- 
susceptible pigs received simultaneously 50 
per cent more than the minimum recom- 
mended dose of hog cholera antiserum (see 
table 1). All 5 pigs were maintained in the 
same pen throughout the course of the ex- 
periment. 

The 2 hog cholera-susceptible pigs that 
received the oxalated blood unaccompanied 
by hog cholera antiserum showed extreme 
lethargy, diarrhea, fever, and leukopenia 
after the sixth day. Both animals became 
moribund and were killed after the thir- 
teenth day. Autopsy revealed an enteritis 
but no petechiae of the serous membranes. 
Salmonella was isolated from the spleen of 
1 of the pigs. 

The 3 remaining exposed pigs (that is, 


TABLE I—Results of Inoculation Tests 


Experimental Pigs Treatment 
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the 2 previously vaccinated pigs and the pig 
which received hog cholera antiserum si- 
multaneously) did not sicken during the 
fifteen-day observation period. 

Inoculation Test 3.—A saline suspension 
of spleen, kidney, and gall bladder was 
prepared from swine of herd 3 which sick- 
ened three weeks following vaccination with 
hog cholera tissue vaccine. Each of 4 hog 
cholera-susceptible pigs received 5 ml. of 
the tissue suspension subcutaneously, and 2 
of these pigs received 50 per cent more than 
the minimum recommended dose of hog 
cholera antiserum simultaneously. Two pigs 
that had been previously vaccinated with 
hog cholera virus and hog cholera antiserum 
received 5 ml. of the tissue suspension (see 
table 1). All 6 exposed pigs were kept in 
the same pen. 

The 2 hog cholera-susceptible pigs which 
did not receive hog cholera antiserum and 
one of the previously vaccinated pigs were 
sick as evidenced by fever and leukopenia 
after the third day. These 3 pigs became 
moribund and were killed on the thirteenth 
to fifteenth days. Lesions considered char- 
acteristic of hog cholera were found in all 
at autopsy. On bacteriological examination, 
P. multocida was recovered from the liver 
of one of the hog cholera-susceptible pigs. 

The other pigs did not sicken visibly 
throughout the fifteen-day observation 
period. 

The failure of the previously vaccinated 
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pig to withstand the exposure was not con- 
sidered conclusive evidence that the in- 
oculum contained an infective agent other 
than hog cholera virus. This pig may have 
been one of the small percentage of swine 
that fail to develop immunity following 
vaccination. The survival of its companion 
pig supports this viewpoint. Moreover, a 
part of the tissue suspension prepared for 
this experiment was included in the com- 
posite inoculum of test IV in which 2 pre- 
viously vaccinated pigs survived. 

Inoculation Test 4.—A composite saline 
tissue suspension of spleen, kidney, and 
blood was prepared from swine of nine 
herds. Herds 3 and 4 had been vaccinated 
with hog cholera tissue vaccine, and herds 
2, 7 and 9 had received hog cholera virus 
and hog cholera antiserum. The type of 
vaccination used in herds 5, 6, 8 and 10 
is unknown. The time interval between 
vaccination and the onset of visible symp- 
toms was one week in herd 7, nine days in 
herd 8, ten days in herd 9, three weeks in 
herds 3, 5, and 6, and four weeks in herd 2. 
There is no record in this regard for herds 
4 and 10. 

Each of 4 hog cholera-susceptible pigs 
and 2 pigs which had been previously vac- 
cinated with hog cholera virus and hog 
cholera antiserum received 5 ml. of this 
composite tissue suspension. Two of the 4 
hog cholera-susceptible pigs received si- 
multaneously 50 per cent more than the 
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minimum recommended dose of hog cholera 
antiserum (see table 1). All 6 pigs were 
maintained in the same pen. 

The 2 hog cholera-susceptible pigs which 
did not receive hog cholera antiserum be- 
came clinically sick after the sixth day. 
One died on the thirteenth day and the 
other became moribund and was killed on 
the fifteenth day. Autopsy of these pigs 
revealed a pronounced bronchopneumonia 
in 1 of the pigs and congestion of the large 
intestine mucous membrane in the other. 
Pasteurella multocida was recovered from 
the liver, kidney, spleen, and lung of the 
former pig. 

The 4 remaining pigs did not appear 
visibly sick during the fifteen-day period of 
observation, 

Inoculation Test 5.—A composite inocu- 
lum was prepared by pooling defibrinated 
blood collected from swine of six different 
herds. Herds 11 and 8 had been vaccinated 
with hog cholera tissue vaccine. There was 
no record of the type of vaccination in herds 
12, 14, 15, and 16. In herd 11 visible illness 
appeared three months after vaccination. 
The time interval between vaccination and 
postvaccinal sickness in herds 12, 13, 14, 
15 and 16 is unknown. 

Six hog cholera-susceptible pigs and 3 
pigs previously vaccinated with hog cholera 
virus and hog cholera antiserum were main- 
tained in the same pen. Each of these 9 
pigs received 3 ml. of the composite blood 
subcutaneously. Three of the 6 hog cholera- 
susceptible pigs received simultaneously 50 
per cent more than the minimum recom- 
mended dose of hog cholera antiserum (see 
table 1). 

Two of the 3 hog cholera-susceptible pigs 
that did not receive hog cholera antiserum 
became visibly ill five days later. One died 
on the seventh day. Significant gross lesions 
included hyperemia of the mucous mem- 
brane of the stomach and large intestine as 
well as diffuse hemorrhages in the mandibu- 
lar and in most visceral lymph nodes. 
Petechiae were not seen. On bacteriological 
examination of liver, spleen, and kidney 
Salmonella typhimurium and P, multocida 
were recovered. The other pig died on the 
fifteenth day, and lesions of septiceniia, in- 
cluding hemorrhages in the skeletal and 
visceral lymph nodes and petechial to ec- 
chymotic hemorrhages in the cortex and 
medulla of each kidney were found at post- 
mortem examination. Salmonella cholerae- 


suis was recovered from the liver. The third 
pig manifested slight clinical sickness and 
eventually recovered. The remaining 6 pigs 
appeared healthy during the fifteen-day ob- 
servation period. 

Cross-Immunization Test. — Postvaccina- 
tion reactions were reported to have fol- 
lowed field use of one brand of hog cholera 
virus and hog cholera antiserum. On the 
other hand, a combination of hog cholera 
virus and hog cholera antiserum of another 
brand had been used in the field without 
undesirable complications. Corresponding 
serial numbers of the hog cholera virus and 
hog cholera antiserum of each brand were 
used in a cross-immunization experiment. 
The products are identified as (1) Serum A 
and Virus A and (2) Serum B and Virus B. 

Two groups, each consisting of 8 unvac- 
cinated pigs and 2 hog cholera-vaccinated 
pigs, were maintained in separate enclo- 
sures. Each pig received 3 ml. of one of the 
viruses. Virus A was used on the pigs of 
one group and Virus B on the others. Each 
of 2 of the unvaccinated pigs in each pen 
received simultaneously 25 or 30 ml. of 
Serum A, and 2 other comparable pigs re- 
ceived similar doses of Serum B. The 
smaller dosage was administered to pigs 
which weighed less than twenty-four 
pounds. The remaining 6 pigs in each pen 
received no hog cholera antiserum (see 
table 2). 

The pigs were observed for twenty-five 
days, during which time periodic white 
blood cell counts and body temperature de- 
terminations were made. 

None of the unvaccinated pigs that had 
received either Serum A or Serum B became 
visibly sick during the course of the experi- 
ment. Furthermore, the previously vacci- 
nated pigs remained healthy following ex- 
posure to Virus A and Virus B. 

Seven of 8 unvaccinated pigs that re- 
ceived either virus A or virus B and no hog 
cholera antiserum died or became moribund 
and were killed between the eleventh and 
nineteenth days. Lesions of septicemia such 
as petechiae of the kidneys, epiglottis, urin- 
ary bladder, and mucosa of stomach and 
large intestine were found at autopsy. 
Pasteurella multocida was recovored from 
the liver and lung of 1 pig and from the 
lung of another. Bacteriological examina- 
tion failed to reveal the presence of patho- 
genic bacteria in the remaining 5 pigs. The 
surviving pig had been exposed to virus A. 
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The virus control pigs did not die as soon 
as might be expected for hog cholera-sus- 
ceptible pigs receiving a parenteral inocula- 
tion of fully potent commercial hog cholera 
virus. This observation suggests the possi- 
bility that the unvaccinated pigs used in 
the experiment carried a passive immunity 
obtained from the colostrum of their dams. 
If so, it seems logical to assume that a 
residual immunity may have enhanced the 
cross-protection. 


DISCUSSION 


The results of the inoculation tests de- 
scribed herein strongly suggest that hog 
cholera virus was responsible for at least 
some of the losses. Although the presence 
of a variant strain of hog cholera virus was 
not demonstrated in the outbreaks studied, 
neither is that possibility denied. The re- 
sults of these tests reémphasize that hog 
cholera immunity is not absolute; many of 
the postvaccinal losses are probably due to 
combinations of factors which (a) prevent 
development of an adequate immunity fol- 
lowing inoculation or (b) cause deteriora- 
tion of such active immunity later. When 
hog losses occur, the possibility of hog 


cholera should not be disregarded simply 
because animals that become ill have been 


previously inoculated with appropriate 
amounts of hog cholera virus and hog 
cholera antiserum, or with one of the vac- 
cines. 


SUMMARY 


Typically affected pigs from 16 Illinois 
herds that suffered heavy postvaccinal 
losses revealed gross lesions of septicemia 
at autopsy. Blood and other tissues col- 
lected at the autopsy of typically affected 
pigs from these herds were injected into 
(1) cholera-susceptible pigs; (2) cholera- 
susceptible pigs that simultaneously re- 
ceived protective doses of hog cholera anti- 
serum; (3) pigs previously given hog 
cholera antiserum and hog cholera virus. 
The results of these inoculations revealed 
reasonable evidence of the presence of hog 


cholera virus in each inoculum. This means 
that (a) where a single herd was repre- 
sented in an inoculum, hog cholera virus 
was present in each herd, and (b) where 
specimens from several herds were com- 
bined for inoculation, hog cholera virus was 
present in one or more of the herds repre- 
sented in the composite inoculum. 

Two brands of commercial hog cholera 
antiserum and hog cholera virus were used 
in cross-immunization pig inoculation tests. 
Field use of one of the brands had been fol- 
lowed by considerable postvaccinal loss. The 
viruses produced fatal illness in all but 1 
nonprotected pig but failed to produce 
noticeable effect when injected into pigs 
that had been previously vaccinated. More- 
over, all simultaneously treated pigs re- 
mained healthy, indicating that each hog 
cholera antiserum provided protection 
against each of the viruses. 
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Experimental Infection of Sheep and Goats with the 
Nematode Lungworm, Dictyocaulus Filaria 


AARON GOLDBERG, B.S. 
Washington, D. C. 


Dictyocaulus filaria, one of the patho- 
genic parasites of sheep and goats, may 
cause considerable loss of weight and some- 
times death of the infected animal. Experi- 
mental lungworm infections, using a 
considerable number of animals under con- 
trolled conditions, have been studied previ- 
ously by two investigators, Kauzal (1933, 
1934) and Shaw (1934, 1937). Continued 
study of the activity of the worms and the 
responses of the host to infection should 
lead to a better understanding of lungworm 
disease and how to control the causative 
parasites. 


MATERIALS AND METHODS 


Twenty-three Shropshire x Hampshire sheep 
and 2 kids were used in this study. The sheep 
varied from 2 weeks to thirty-one months of 
age at the time of infection, and the kids were 
2 months old. Unless otherwise noted, the 
test hosts were free from helminth parasites, 
except for a few Strongyloides. These animals 
were fed an adequate diet of alfalfa hay and 
mixed grain, and a block of salt was always 
available to them. They were maintained under 
conditions designed to prevent extraneous in- 
fection with helminth parasites. Fifteen lambs 
were kept in three large pens in a barn with 
cement floor and sides. Thrice weekly the pens 
were thoroughly swept and then washed, first 
with tap water, and then with hct water. The 
feed was placed in racks raised above the floor, 
and the slats were spaced so that the sheep 
could get only their heads through to the 
feed. The remaining lambs, mature sheep, and 
the kids were kept in pairs in outdoor pens 
with cement sides and cement floor raised 
above the ground. Thrice weekly the feces 
were hed out, from cutside the pens and then, 
using a hose, the pens were thoroughly washed 
with tap water. It was considered that clean- 
ing the pens three times a week was sufficient 
to prevent larvae that might have been passed 
in the feces of the animals from reaching the 
infective stage, which requires at least four 
days. 

The kids were infected with larvae cultured 


“From the Zoblogical Division, Bureau of Animal 
Industry, U. S. Department of Agricutlure, Wash- 
ington, D. C. 


from eggs and from preinfective larvae of 
Dictyocaulus filaria recovered from the lungs 
of a ram which had died as a result of infec- 
tion with this parasite. The sheep were fed 
larvae obtained from the feces of a naturally 
infected ewe. The larvae were separated from 
the feces by floating the pellets in water in 
the Baermann apparatus. They were washed 
in water several times and allowed to develop 
to the infective stage on moist, granular, bone 
charcoal at room temperature, approximately 
21 to 27 C. Larvae for experimental infection 
of the sheep were 13 to 40 days old, average 
19% days old. Larvae more than 20 days old 
were stored at 4 C., after separation from the 
cultures. The larvae were suspended in 10 ml. 
of water and administered to the test hosts 
by pipetting them down the oesophagus. Only 
active larvae were used. 

Some of the test sheep (tables 1 and 3) were 
inoculated with one to four doses of larvae in 
as many days, whereas others (table 2) were 
given 19 inoculations during a month. The 
course of each infection was followed by counts 
of larvae passed in the feces. The clinical 
symptoms of infection were noted. Fourteen 
of the animals were necropsied forty-seven to 
186 days after infection. The worms were re- 
covered and counted, and the lungs were ex- 
amined for evidence of pathological conditions. 


Infection of Kids.—A 2-month-old kid was 
fed 4,500 larvae at one time. This animal died 
of asphyxiation twenty-eight days after infec- 
tion, death being caused by a mass of worms, 
with adherent thick mucus, completely block- 
ing the trachea for 2 in., extending anteriorly 
from its junction with the bronchi. In addi- 
tion, there were two smaller verminous plugs, 
one about % in. long, blocking the glottis. 
Approximately 2,800 worms were recovered, of 
which 30 were in the oesophagus, presumably 
as a result of having been coughed up. The 
majority of the worms were mature, although 
egg-laying had apparently just begun in some 
of these and others were not yet passing eggs. 
Eggs were found in the thick mucus around 
the worms, and in an abundant serous, straw- 
colored fluid in the lungs. At least one egg 
contained a motile larva. 

Another 2-menth-old kid was fed 1,000 larvae 
at one time. This animal died forty days later. 
It was cyanotic and pus was present in the 
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bronchi and bronchioles. Twenty-five D. filaria, 
all non-gravid adults, were recovered. 

Short-Time Infection of Lambs in One to 
Four Days.—Each of 14 lambs, 2 weeks to 8 
months old, was fed 90 to 4,000 larvae in one 
to four doses, in an average of three days. 
Larvae were first recovered from the feces of 
10 lambs (table 1) thirty-two to fifty-seven 
days after infection. The peak output ranged 
from 1 to 495 larvae per gram of feces, and 
occurred thirty-nine to fifty-seven days after 
infection. Larvae were recovered for a period 
of one to eighty-one days. 

Coughing occurred in 13 of the 14 lambs, 
beginning as early as nineteen days after in- 
fection, and persisting intermittently for one 
to 112 days. Other symptoms included rapid, 
shallow breathing, with the head extended and 
lowered and, occasionally, with the mouth 
open; rales; and loss of appetite and weight. 
Eleven of the 14 lambs were weighed at weekly 
intervals; the remaining 3 were in the pens 
outside the barn. All 11 lost weight after the 
infection, the loss ranging from 0.5 to 10.5 Ib., 
centering about the fourth week after infec- 
tion. The time required to equal or exceed 
the maximum weight before the loss occurred 
ranged from two to eleven weeks. 

No marked correlation was noted between 
the number of larvae administered and the de- 
gree of infection, as evidenced by the symptoms 
shown and larval output. However, the high- 
est peak of larval production, 496 per gram 
of feces, was from the lamb fed 4,000 larvae, 
which was the greatest number administered. 
The greatest weight loss, 10.5 lb., also oc- 
curred in this animal. Next highest peaks of 
larval output were from lambs 100 and 126, 
which had been fed 280 and 1,100 larvae, re- 
spectively. Next highest weight losses occurred 
in lambs 101 and 103, fed 1,360 and 1,950 larvae, 
respectively. Coughing persisted longest in 
lamb 104 fed 1,215 larvae, and lambs 122, 125, 
102, 103, and 109 in the order mentioned. 
Larvae were found in the feces for the longest 
periods in lambs 125, 126, 100, and 102 in the 
order mentioned. 

Eighty-two to 186 days after infection, when 
all the lambs (table 1), except 104, no longer 
showed clinical evidence of infection or passed 
larvae in the feces, 6 lambs were necropsied 
to determine whether or not there was any 
residual effect of the infection. Lamb 104 was 
still coughing up to the time it was killed. 
Its left lung was cyanotic and showed evidence 
of pneumonia. Lambs 126, 125, 103, and 109 
had one to three functionless, consolidated, 
purplish areas of the lung, particularly at the 
tips of the lobes and along the borders, ex- 
tending for % to 2 in. along the border and 
% to % in. medially. In addition, lambs 103 
and 126 had one and two caseous pus accumu- 


lations, respectively, approximately 5 mm. in 
diameter, at the terminal portions of bron- 
chioles. Lamb 103 also had considerable ad- 
hesions of the pleura to the body wall and 
diaphragm. One actice, sexually immature 
adult D. filaria still remained in lamb 125, 186 
days after infection. No worms were recovered 
from the other lambs autopsied. Lamb 105 
showed no residual effect of the infection. 
Since the findings in the necropsied lambs, 
except lamb 104, were considered to be typical 
of the condition after recovery, the remaining 
lambs were not killed. 

Long-time Infection of Lambs During a 
Month.—Three lambs (table 2), 83 to 8.6 
months at the time of first infection, were fed 
a total of 950 larvae each, in 19 doses of 50 
larvae, during a period of thirty days. Lamb 
111 showed no symptoms, and the other 2 were 
noticed coughing on only one day. Lamb 132 
did not gain any weight from the second to 
the fifth week after infection, but the other 
2 continued to gain weight. Larvae were re- 
covered from the feces of only lamb 129 for 
fifteen days, beginning forty-three days after 
the first inoculation, the number never exceed- 
ing 1 per gram of feces. Lamb 129 was ne- 
cropsied forty-seven days after the final in- 
oculation, and five sexually immature adult 
D, filaria were recovered; 1 worm was embedded 
in dense mucus containing a few blood cells. 
There was a functionless, consolidated, purplish 
area of approximately 1 sq. in. in the middle 
lobe of the left lung. Since neither lamb 111 
nor lamb 132 had passed larvae in the feces, 
and lamb 132 was noticed coughing on only 
one day, whereas lamb 111 had never shown 
any symptoms, these 2 animals were not 
necropsied. 

Infection of Adult Sheep.—Five adult sheep 
(table 3), 4 of which had been used the pre- 
vious year in an experiment with the intestinal 


TABLE 2—Data on Experimental Infection of 3 Lambs 
with 950 Dictyocaulus Filaria Larvae in 19 Doses of 5C 
Larvae each, Administered in Thirty Days 


Observations on Larvae 
Recovered 


Lambs Symptoms 


Peak larval count 
(per gram of feces) 
Period of recovery 

of larvae (days) 
(days after infection) 
Duration of cough 


(months) 
Larvae first recovered 


Age at infection 

in feces (days 

after infection) 
Coughing first noted 
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parasite, Oesophagostomum venulosum, were 17 
to 31 months old at the time of infection with 
D. filaria. They were fed 275 to 3,800 larvae 
in one to three doses in an average of two 
days. Three of the sheep, 911, 968, and 57, 
began to cough forty-one to fifty-one days 
after infection; sheep 911 and 968 coughed 
only one day, and sheep 57 coughed intermit- 
tently over a period of fifty-one days. The 
other 2 sheep did not show symptoms. Larvae 
were recovered from 3 sheep, 911, 57 and 62, 
the average peak being 7 larvae per gram of 
feces. The patent period ranged from fifteen 
to twenty-three days. 

These sheep were necropsied seventy-three to 
259 days after infection. Four to 33 Oe. venu- 
losum were still present in the cecum of each 
of the sheep previously infected with this para- 
site. Sheep 911 and 62 had two functionless, 
consolidated, purplish areas near the tips of 
lobes of the lungs. Contiguous to one of these 
areas, in sheep 911, there was a caseous pus 
accumulation containing the remains of an 
adult D. jfilaria. This sheep had three addi- 
tional small pus pockets, one containing the 
remains of an adult D. filaria. Sheep 968 also 
had a caseous pus accumulation, 4 mm. in 
diameter. Active, sexually immature adults 
of D. filaria, one-fifth to one-fourth the usual 
size of an adult, were recovered from sheep 
62, 911, 968, and 941, the numbers being 3, 
4, 10, and 28, respectively. No worms or resid- 
ual evidence of infection were found in sheep 57. 

Sheep 67, which had been fed 100 D. filaria 
larvae when 6 months old, and 500 Oe. venu- 
losum larvae when 11 months old, but de- 
veloped no symptoms of lungworm infection, 
was fed 4,100 D. filaria larvae in two doses on 
consecutive days when 19 months old. No 
larvae were recovered from the feces of this 
animal, nor was it noted coughing. It died of 
enterotoxaemia sixty-five days after infection. 
Four sexually immature adult D. filaria and 
111 mature Oe. venulosum were recovered. 

Under natural conditions, there are circum- 
stances when the resistance of adult and old 
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sheep breaks down, cr perhaps some sheep 
never build up resistance. The 10-year-old, 
naturally infected ewe which served as a 
source of larvae for this study showed clinical 
evidence of infection and passed larvae for 
at least five and one-half months. Although 
this ewe was maintained under conditions de- 
signed to prevent extraneous infection with 
helminths during this period, the larval cutput 
rose in the last two months prior to death, 
and reached a peak ten days before death. 
At postmortem examination, the lungs were 
found to contain many large caseous pus 
pockets. There was excessive mucus and fluid 
in the trachea and pus in the bronchi. There 
were extensive adhesions of the pleura and 
lungs, and fluid in the pleural cavity. Althcugh 
an adequate diet had been available, the animal 
was emaciated. Fifty-one mature /filaria 
were recovered from the trachea, bronchi, and 
bronchioles. There also were a few Muellerius 
in the lungs. These had also infested the 
animal for at least five and one-half months. 


DISCUSSION 


The clinical and postmortem findings 
and the time of the occurrence of symptoms 
in 23 sheep and 2 goats experimentally in- 
fected with D. filaria were similar to those 
noted by Kauzal (1933, 1934) and by Shaw 
(1934, 1937). 

One of the primary purposes of the work 
here reported was to determine the effect 
on lambs of a moderate number of larvae, 
administered in a few days, and to ascer- 
tain the extent to which growth of the 
lambs would be delayed as a consequence 
thereof. Lambs were weighed at weekly 
intervals or an average of twenty-one weeks 
before they were infected, and for an aver- 
age of seventeen weeks after regaining the 
loss in weight as a result of the infection. 
Thus, data were obtained on weight loss 
after infection and the time required to re- 


TABLE 3—Data on Experimental Infection of 5 Mature Sheep with an Average of Approximately 2,000 
Dictyocaulus Filaria Larvae Given in One to Three Doses 


Larvae 


Sheep Administered 


Larvae first 
recovered in Peak larval Period of 


Age of 
infection 
(months) 


Total 


Number number Doses* 


911 31 275 1 35 

968 30 2 None 

941 31 2,000 1 None 
57 17 3,300 3 38 
62 19 3,800 1 43 


Observations on Larvae Recovered 


feces 
(days after 
infection) 


Symptoms 

Duration of 

intermittent 
cough 
(days) 


Coughing 
first noted 
(days after 
infection) 


count 
( per gram 
of feces) 


recovery 
of larvae 
(days) 


9 


15 
23 


*Sheep 968 dosed on successive days and sheep 57 in four days. 
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gain the weight so lost. In the preinfection 
period almost all the lambs gained weight 
regularly; on rare occasions a lamb lost 
a pound or two, which loss was regained 
in a week or two, and the animal continued 
normal growth thereafter. After infection, 
however, the lambs lost an average of 3.9 
Ib., and from two to eleven weeks were re- 
quired to regain this weight. The loss in 
weight usually occurred in the fourth week 
after infection when many of the worms 
were just reaching maturity and had be- 
come large enough, therefore, to do con- 
siderable damage. After the lambs suc- 
ceeded in coughing up the worms and over- 
coming the irritation that these parasites 
produced, weight gains again returned to 
normal. 

When larvae were administered in small 
doses over a relatively long period, the 
lambs did not appear to become as heavily 
infected as when comparable numbers of 
larvae were administered in a compara- 
tively short time. Lambs infected over the 
longer period showed clinical symptoms for 
a shorter time and passed fewer larvae than 
those given comparable numbers of infec- 
tive larvae in the course of a few days. 
Moreover, the lambs showing lighter symp- 
toms lost no weight. 

Mature sheep, maintained since birth 
under conditions designed to prevent ex- 
traneous acquisition of helminths, were 
more resistant to an initial infection with 
lungworms than lambs similarly protected. 
Fewer mature sheep showed clinical symp- 
toms, they were sick for shorter periods, 
and they passed fewer larvae than lambs 
more or less similarly exposed to lung- 
worms. 

Some lambs and adult sheep apparently 
resisted the initial infection better than 
others. Some of the resistant animals gave 
evidence of infection by coughing, but 
lungworm larvae were not recovered from 
their feces. Another observation that is 
considered evidence of resistance was the 
recovery of small adult but sexually im- 
mature worms long after they normally 
would reach maturity. Larvae were not 
recovered from the feces of 3 mature sheep 
that harbored such immature adults. Lastly, 
the lack of marked correlation between the 
number of larvae administered and the 
degree of the resultant infection is evidence 
that there was marked individual variation 


in resistance of sheep to lungworm infec- 
tion. 


SUMMARY AND CONCLUSIONS 


Two kids, 2 months old at the time of 
infection with a single dose of 1,000 and 
4,500 larvae, respectively, died as a result 
of this parasitism. 

Fourteen lambs were infected with an 
average total of 1,660 larvae in one to four 
doses in as many days. Larvae were first 
recovered from the feces of 10 lambs thirty- 
two to fifty-seven days after infection. The 
peak larval output for this group averaged 
75 larvae per gram of feces and occurred 
thirty-nine to fifty-seven days after infec- 
tion. The patent period lasted, on the aver- 
age, forty-five days. 

The lambs showed the following evidence 
of infection: (1) intermittent coughing, 
beginning as early as nineteen days after 
infection and continuing for an average of 
forty-three days; (2) rapid, shallow breath- 
ing, occasionally with the mouth open; (3) 
rales; and (4) loss of appetite and weight. 
Eleven lambs, weighed at weekly intervals, 
lost from 0.5 to 10.5 lb. as a result of the 
infection. The loss usually occurred in the 
fourth week after infection, and two to 
eleven weeks were required to regain or 
exceed the maximum weight before the 
loss occurred. 

Postmortem findings included: (1) lung- 
worms embedded in dense mucus contain- 
ing a few blood cells and surrounded by 
serous, straw-colored fluid; (2) a cyanotic 
and pneumonic condition; (3) consolida- 
tion and atrophy of portions of the lungs, 
particularly along the borders and at the 
tips of the lobes; (4) small accumulations 
of caseous pus, occasionally containing the 
remains of an adult Dictyocaulus filaria at 
the terminal portions of the bronchioles; 
and (5) adhesions of the pleura to the body 
wall and diaphragm. 

Three lambs infected by multiple inocu- 
lation with 950 larvae administered in 19 
doses a month showed little evidence of 
infection. 

Adult sheep, maintained since birth un- 
der conditions designed to prevent extra- 
neous infection with helminths, and inocu- 
lated with an average of approximately 
2,000 larvae in one to three doses over a 
period of one to four days, were not nearly 
as susceptible to infection as the similarly 
infected lambs. 
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Several lambs and adult sheep were able 
to resist an initial infection better than 
the others. In 4 animals, active, sexually 
immature adults, one-fifth to one-fourth 
the usual size, were recovered as long as 
eighty-three to 186 days after infection, 
long after the worms usually reach ma- 
turity. Larvae were never recovered from 
the feces of 3 mature animals of the above 
group having these immature worms. Four 
of the 14 lambs infected over a period of 
one to four days showed evidence of in- 
fection by coughing, but larvae were never 
recovered from their feces. The same was 
true of 1 of the mature sheep similarly 
infected and 1 of the 3 lambs infected with 
19 doses over a period of a month. Besides 


the above evidence, the lack of marked cor- 
relation between the number of larvae 
administered and the larval output and 
duration of symptoms may be considered 
evidence of variation in individual resist- 
ance, 
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A Semen Study of Goats 


ORSON N. EATON, M.S., Ph.D., and VICTOR L. SIMMONS, B.S., M.A. 
Beltsville, Maryland 


SINCE THE PRACTICAL application of arti- 
ficial insemination of animals, especially 
dairy cattle, there has been a growing in- 
terest and necessity for more knowledge 
concerning the semen characteristics of 
farm animals. This is especially true of 
those for which little is known or in which 
artificial insemination has not been highly 
successful. Little information seems to be 
available on the semen characteristics of 
goats and, as far as is known, artificial in- 
semination has been employed only experi- 
mentally with these animals in the United 
States. However, artificial insemination of 
goats in Europe seems to have reached a 
stage of economic importance. 

GOotze' states that in the province of Hannover, 
Germany, during 1942-45, around 3,000 goats 
were inseminated with a fertility of 95 per 
cent. This rate was not higher than by natural 
mating. 

Méckel* reported that the volume of semen 
from 70 ejaculates of 6 bucks varied from 0.1 
to 1.25 cc. withan average of 0.58 cc. Rollinson’ 
presented data on a British Saanen which gave 
an ejaculate of 0.5 cc., with a concentration of 
4.2 billion spermatozoa per cubic centimeter 
and 14 per cent of abnormal spermatozoa. 
Phillips et al. gave the results on 2 bucks 
which were observed throughout one year. 
There was a tendency toward a seasonal effect 
on the various semen characters observed, 
especially volume and concentration. This 
finding was in agreement with the results from 
12 rams observed during the same period. 
Other investigators estimated the average vol- 
ume of buck semen to be from 0.9 to 1.5 ce. 
per ejaculate. Perry‘ gave the average con- 
centration of goat semen as 2 billion or more 
spermatozoa per cubic centimeter. Apparently 
nothing is available on the morphology of buck 
spermatozoa. 

Because of the little information concerning 
goat semen, the following observations were 
made to obtain data on the various semen 
characteristics of several bucks observed over 
a considerable period of time. By the infor- 
mation thus obtained, a better evaluation of 
the practicability of artificial insemination for 
goats may be gained. 


From the Bureau of Animal Industry, Agri- 
cultural Research Center, Beltsville, Md. 


DESCRIPTION OF EXPERIMENT 


MetTHOvs USED 


AND 


Semen collections frcm 9 Toggenburg and 5 
Common American bucks were begun in Au- 
gust, 1948. In October of the same year, an- 
other Toggenburg was added. Common Ameri- 
can goats are of mixed origin and have been 
bred for many years without the introduction 
of outside blood. They are smaller in size than 
the Toggenburgs. Young bucks were added 
from time to time as they became sexually 
mature and some of the older ones died. Only 
bucks which had eight or more collections dur- 
ing a twelve-month period have been included 
in the analysis of the data. Semen collection 
was made at four-week intervals. Thus, there 
were 13 collection periods during the twelve 
months from August to August. Six of the 
bucks completed three years, 6 others com- 
pleted two years, and 7 others one year. In 
the analysis of variance for two years, the 6 
bucks completing three years were also in- 
cluded. 

Collection was made by the use of an arti- 
ficial vagina, such as is used for the ram, and 
also by a spayed doe brought into estrus by 
subcutaneous injections of estradiol benzoate 
or stilbestrol. A few does which had come into 
estrus naturally were also used. Semen volume 
was measured immediately * means of a 
graduated vial. Motility wa: determined by 
placing a drop of semen on a glass slide and 
examining it under the microscope. Motility 
was scored 1 to 6, 1 being the highest degree 
and 6 being zero. A small drop of normal saline 
solution was then put on the slide with the 
semen and a smear made by drawing a glass 
slide gently over the solution, spreading it out 
evenly and thinly for counting abnormal sper- 
matozoa at a later time. 

After the samples were brought into the 
laboratory, semen concentration was determined 
in the regular manner with the blood-counting 
chamber, by means of which the number of 
spermatozoa per cubic centimeter was ob- 
tained. The smears made at the barn for 
determining percentage of abnormal sperma- 
tozoa were cleared in chlorazene solution and 
stained with Ziehl-Neelsen’s carbol fuchsin. 
The number of abnormal spermatozoa out of 
500 counted was determined. An analysis of 
variance was made for each character studied. 
Variance was calculated separately for the 
groups which were under observation for one, 
two, and for three years. The group under 
observation for two years included those which 
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were also observed the third year. In the one- 
year group, there is no year-to-year variance 
and no interaction where years are involved. 
When data were missing for a collection period, 
values were supplied by the method proposed 
by Allen and Wishart and modified by Yates 
as given in Snedecor. The correlations (r) 
between the different characters were calcu- 
lated from actual data, which included 434 
observations for most of the characters cor- 
related. 
RESULTS AND DISCUSSION 


The averages for each character observed 
for all bucks combined is shown by years, 


periods of the years, and season in tables 1 
and 2. Period 1 in every case started with 
August and successive periods followed at 
four-week intervals, Table 3 shows the 
characteristics for individual bucks. In the 
analysis of variance in TabJe 4, it will be 
noted that variability in all the semen char- 
acters observed was significant as a result 
of variability between bucks. 

Semen Volume.—The volume of semen 
produced by the bucks in this study (0.65 
cc.) is somewhat higher than that reported 
by Méckel* and Rollinson.? In a few in- 


TABLE I—Year and Period Averages for Semen Characteristics Observed in Goats in Indicated 
Number of Observations(n) 


1948—1949 


Concentration 


Motility 
score 


Volume 


Period (ce.) 


0.919 
-864 
.808 


to to = bo 


bo 


Total Abnormal 
spermatozoa spermatozoa 
billions (%) 


billions 
per cc, 


2.038 
.104 
681 
486 
.897 
546 
913 
045 
451 
863%) 
218 
910 
699*%2 


1949—1950 


Ole 


Pro 


1950—1951 


Average 436 


1.5195 


years = 434; *°Total n for 3 years — 435. 


w 


ow 


2.724% 1 


*In= 9; **Total n for year = 148; *3n =11; “Total n for year = 


| 
| 1 .00 2.318 5.67 
2 13 1.285 9.00 
3 2.082 3.63 
i 4 42 1.834 4.37 
5 .08 2.374 4.57 
6 .33 2.052 5.87 
j 7 .66 2.765 8.00 
: 8 .08 2.552 11.47 
9 .25 2.536 9.03 
10 2.900*2 8.82 
2 11 .36 3.039 9.45 
12 .00 3.646 9.67 
13 .00 2.443 30.05 
Average 1 2.501*%2 9.23 
| 
| 
| 1 9 0.578 1.00 1 111 9.71 
H 2 12 0.708 1.17 477 6.10 
| : 3 11 0.900 1.73 L091 6.24 
i : 4 11 0.591 1.36 118 8.09 
| ; 5 11 0.700 1.91 230 10.25 
6 12 0.833 1.50 827 7.85 
| 7 12 0.600 2.36%3 642*3 6.55 *3 
8 11 0.482 3.18 794 10.15 
| 9 8 0.512 2.50 976 9.10 
; 10 11 0.391 2.73 213 16.47 
F 11 10 0.280 3.00 679 12.40 
12 10 0.740 1.60 425 11.16 
: 13 10 0.710 1.70 511 10.14 
Average 138 0.623 1.97% 617*4 9.49%4 
1 12 0.592 .00 37 
2 13 0.800 .00 48 
3 13 0.785 46 18 
4 13 0.608 .00 97 
5 13 0.615 .38 83 
6 12 0.733 33 55 
7 10 0.640 50 14 
8 13 0.415 08 91 
9 9 0.489 ss 91 
10 7 0.329 00 63 
11 11 0.545 00 75 
12 12 0.433 00 35 
13 11 0.718 00 29 
Average 149 0.604 15 13 
Total 
137; 
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stances, certain bucks in this study ejacu- 
lated less than 0.1 cc. and rarely did the 
ejaculate exceed 1.0 cc. One buck (76), a 
half Toggenburg, averaged slightly more 
than 1.0 cc. His twin brother (77) averaged 
only 0.5 cc. semen, Two other twin brothers 
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and, therefore, his data were not included 
with those for the first two years. However, 
during the third year, he gave nine ejacu- 
lates and has been included with those hav- 
ing one-year records. This buck was eager to 
serve and would mount the doe and thrust 


TABLE 2—Averages for Semen Characteristics by Seasons of the Year (3 Years Combined) 


No. of 
observations 


Volume 
(ee.) 


Motility 
Season* 


Fall 
Winter 
Spring 
Summer 


108 
105 
122 


101 


0.740 
0.672 
0.487 


0.727 


Combined 


Average 436 0.650 


*Season divisions approximately follow the calendar. 


Abnormal 
spermatozoa 
(%) 


6.43 
8.34%) 
9.32 
9.71 


Total 
spermatozoa 
billions 


Concentration 
billions 


8.46 


The first spring collection falls approxi- 


mately on the beginning of spring, making four collection periods in this season instead of three 


as in the others. 


104; *?n 121, 


(159 and 160) also showed individual differ- 
ences in semen volume, averaging 0.3 and 
0.5 cc., respectively. One buck (40) was in 
the experiment for the three years of this 
study but during the first two years gave 
fewer than eight ejaculates during the year 


Fall corresponds to periods 3, 


4, and 5 of table 1. 


but failed to ejaculate. When he did suc- 
ceed, the volume averaged only slightly over 
0.1 ec. Variance of semen volume was highly 
significant between bucks and between peri- 
ods, regardless of whether the bucks were 
observed for one, two, or three years. Year- 


TABLE 3—Averages of Semen Characteristics of Individual Bucks in Indicated 
Number of Observations 


3-year group 


Motility 
score 


Volume 
Buck No. (ce.) 
0.854 
0.750 
23B 0.770 
41B 0.613 
43 3s 0.608 
47 0.453 
3-year 


Average 


1.65 
1.03 
1.24 
1.64*! 
1.69 
1.53 


3B 
9B 


0.671 1.4794 


2-year group 
0574 
0.610 
0.796 
0.888 
0.577 
0.625 


Average 0.690 


1-year group 


0.133 
0.678 
1.054 
0.500 
0.350 
0.315 
0.500 
79 


Average 0.520 


*in = 36; **n=18; *n for total = 220; *n for total = 135. 


Total 
spermatozoa 
billions 


Abnormal 
spermatozoa 


Concentration 
billions 


4*3 


1.889 
1.656*2 
0.623 
1.768 
1.633 
2.500 


.640** 


be 


Sto Wes 


1.42 2.256 1.650 
1.64%! 2.830%! 1.729% 
1.57%? 3.281%? 1.518%? 
1.40 2.449 1.759 
1.51 2.724 1.658 
| 
| per cc, (%) 
2.322 1.791 11.09 
3.165 2.413 6.15 | 
2.534 2.026 7.26 
2.642%! 1.551*! 7.85 
2.228 1.311 7.34 
2.672 1.094 7.99 
1.22 3.212 7.37 
1.06*2 2.7902 9.032 
2.77 0.851 12.85 
1.62 1.945 9.29 
2.00 3.056 15.02 
1.45 3.999 9.58 
2-year 
1.73% 2.548% 10.59%4 
40 2.00 2.978 6.84 ; 
56 1.00 3.507 3.53 
76 1.00 2.632 5.74 
77 1.00 3.975 4.37 
157 1.20 3.529 6.44 
159 1.31 3.506 7.78 
160 1.33 3.421 8.32 
l-vear 
1.24 3.369 1.587 6.20 
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to-year variance was also significant for 
those completing two and three years. 
Motility.—Motility of spermatozoa seems 
to be largely an individual characteristic, 
and can be affected by the health or condi- 
tion of the individual at time of collection. 
The technique in handling the semen also 
may affect motility. In this study, the in- 
dividuals which showed a low motility (the 
higher numerical value) were usually de- 
fective in some respect. Buck 26B consist- 
ently gave semen that was of lower motility 
and much thinner than that of the other 
bucks. His semen was frequently stringy 
in consistency and contained a large per- 
centage of epithelial cells. On slaughter at 
the close of two years of observation, he 
was found to have adhesions of the right 
testis to the scrotal skin. The testicle was 
very coarse in structure and appeared to be 
a mass of fibrous connective tissue. The 
epididymis and vas deferens were abnormal 
in the same respect. This condition may 
have been due to an injury early in life. 
The left testis, epididymis, and vas deferens 
appeared normal and contained normal 
spermatozoa. Buck 35B was in poor phys- 
ical condition for a time, which apparently 
affected the quality of his semen. The vari- 
ances for motility are not consistent and 
probably are of little significance. Where 
significance is indicated, it is possible that 
the two bucks, 26B.and 35B, having a low 
motility score for several periods in 1949 
and 1950, may have biased the results for 
the two-year group. 
Concentration.—Number of spermatozoa 
per unit volume of semen appears to be an 
individual characteristic and influenced by 
time of year in which collection was made. 
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The figures given by Perry‘ of 2 billion 
spermatozoa per cubic centimeter and by 
Rollinson? of 4.2 billion are within the range 
of the findings of the present study. Buck 
26B mentioned above as having a defective 
testicle had a low concentration of only 0.8 
billion per cubic centimeter, which probably 
was due to his defect. Another buck (28B) 
with a consistently low concentration had 
but one testicle. He was normal in other 
semen characteristics and it seems probable 
that his low concentration of spermatozoa 
was a result of this anatomical defect. 

One observation was a negative relation- 
ship between semen volume and concentra- 
tion as shown by the correlation of —.231 
(table 6). Concentration of spermatozoa 
showed a consistently significant difference 
between bucks and periods, but not between 
years, in the analysis of variance. Buck by 
year interaction, however, was significant. 

Total Spermatozoa.—Total number of 
spermatozoa is the product of volume and 
concentration. The correlation between vol- 
ume and total number of spermatozoa was 
0.680, while the correlation between con- 
centration and total spermatozoa was 0.413. 
Apparently bucks with an ejaculate con- 
taining more than 1 billion spermatozoa are 
fertile. Buck 26B with an average of only 
0.6 billion total spermatozoa sired triplets, 
but they were small and weak and died 
shortly after birth. This, however, may 
have no relation to the influence of the buck. 
Buck 40, with an average of approximately 
0.4 billion total spermatozoa and because of 
his poor record in other respects, was con- 
sidered sterile and was not used for breed- 
ing. Buck 56 was shy and gave infrequent 
service when semen samples were collected, 


TABLE 4—Summary of Analysis of Variance of Semen Characteristics in Bucks Which Had One, Two 


and Three Years of Observations 


Volume Motility 


Abnormal 
spermatozoa 


Total 


Concentration spermatozoa 


yrs. 


3 2 
yrs. 


Bucks 

Periods 

Years 

Interactions 

Bucks X 
periods 

Bucks X Years* 

Periods X 
years 

Bucks X period 
X year 


1**variance highly significant 1% 
for the one-year group. 


; *variance 


** 


significant 5%; 2—vJindicates no interaction 


| 
| 
| 
| 
| 
3 2 l 3 2 1 1 3 2 1 3 2 1 
yrs. yrs. yr. yrs yrs. yr. yr. yrs. yrs. yr. yrs. yrs. yr. 
= ** * = 
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but his semen was of good quality and he 
was the sire of several kids. 

Percentage of Abnormal Spermatozoa.— 
The percentage of abnormal spermatozoa 
varied greatly between bucks. In some 
cases (9B, 17B, 35B) it was obvious that 


TABLE 5—Types of Abnormal Spermatozoa in Bucks 
(Per Cent) 


Middle 
pieces 


No. No. 
Buck obser. Head Neck Tail 
1.994 
1.006 
1.665 
2.443 
1.415 
2.047 
1.026 
1.422 
1.477 
1.400 
1.545 
1.250 
1.308 
1.400 
1.644 
1.533 
2.300 
2.108 
3.517 
1.677 


0.216 
0.317 
0.188 
0.243 
0.220 
0.168 
0.243 
0.256 
0.808 
0.685 
1.018 
0.230 
0.077 
0.077 
0.200 
0.356 
0.040 
0.092 
0.067 
0.310 


5.778 
3.144 
2.753 
3.265 
3.149 
3.195 
3.722 
3.656 
7.699 
5.108 
8.691 
4.690 
3.585 
2.031 
1.089 
3.489 
2.960 
3.831 
3.633 
4.118 


the condition of the bucks at time of col- 
lection had an influence on the percentage 
of abnormal spermatozoa. The types of ab- 
normalities also were variable but were 
present in the semen of all the bucks stud- 
ied. In table 5, the percentages of the dif- 
ferent types of abnormal spermatozoa are 
given for individual bucks. Head abnormal- 
ities included macro- and micro-spermia, 
pear-shaped heads, heads with protoplasmic 
extrusions, etc. Neck abnormalities included 
separation of the heads from the sperma- 
tozoon body, and attachment of the neck 
to one side of the head rather than at the 
center. Middle-piece abnormalities consist- 
ed of protoplasmic beads and sharply bent 
or broken bodies. Tail abnormalities con- 
sisted of sharply bent or broken tails and 
coiled tails. Few types of abnormality other 
than the ones named were observed. Head 
abnormalities were lowest in all the bucks. 
Next came tail abnormalities which, on the 
average, were more than five times as great 
as head abnormalities. Middle-piece abnor- 
malities exceeded tail abnormalities by 
about 1.5 times, and neck abnormalities 
were the most numerous, averaging nearly 
one-half the total abnormalities. 

Randall and Friedlaender® pointed out 
that the neck is the most fragile portion of 
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the spermatozoon and may be broken in 
handling the semen for smears. Salisbury 
et al.8 also mentioned that the method of 
making smears affects the number of mor- 
phologically abnormal spermatozoa. The 
method used in making the smears in this 
study was the one usually employed and 
considered most satisfactory. Moench and 
Holt? considered head abnormalities to be 
the most closely concerned with sterility 
and low fertility in human beings. They 
considered semen with as high as 19 per 
cent head abnormalities to be normal and of 
good fertilizing quality. If this holds true 
for buck semen, all the bucks were well 
within the range for normal fertility. 

The consistent differences in percentage 
of abnormal] spermatozoa and in total sperm- 
atozoa were due almost wholly to the indi- 
vidual differences between bucks as is shown 
in the analysis of variance table. 

Correlations were calculated between 
some of the characters which seemingly 
would be rather closely related. Percentage 
of abnormal spermatozoa apparently affects 
motility as shown by the negative correla- 
tion of —-.378. All the correlations except 
the one between concentration and percent- 
age of abnormal spermatozoa were highly 
significant. Partial correlations also were 
calculated for total spermatazoa and for 
abnormal spermatozoa, each correlated with 
concentration, when volume was held con- 
stant. The same two characters were also 
correlated with volume when concentration 
was held constant. Of the partial correla- 
tions, all but the one between abnormal 
spermatozoa and concentration with volume 
constant were highly significant. These 
correlations are shown in table 6. 


TABLE 6—Correlations Between Various Semen 
Characteristics in Bucks 


Correlation 
Characters Correlated 


Volume and concentration 

Volume and total sperm 

Concentration and total sperm 

Concentration and percentage abnormal 
sperm 

Motility and percentage abnormal sperm —. 

Volume and percentage abnormal sperm —. 

Volume and (concentration and total 
sperm) 

Volume and (concentration and abnormal 
sperm) — 

Concentration and (volume and total 
sperm) 

Concentration and (volume and abnormal 
sperm) —.1 


1**values highly significant. 


Total 
11.086 
6.139 
7.259 
7.854 
7.338 
7.989 
7.374 
9.033 4 
12.854 
9.292 
15.018 
9.580 
5.738 
4.369 
3.533 
6.844 
6.440 | 
7.785 i 
8.317 | 
8.457 
| 
1 
Rte 
6** 
g** 
6 
5** 
4** 
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Effects of Year, Period, and Season.—It 
will be noted in table 1 that the averages 
for the different semen characteristics vary 
from year to year, This is significant, how- 
ever, only for semen volume as shown by the 
analysis.of variance in table 4. Periods of 
the year during which the collections were 
made have a more marked effect, influencing 
all the semen characters observed except 
motility. The influence was greatest on se- 
men volume and concentration in which the 
analysis of variance due to period was 
highly significant. If periods 1 to 7, inclu- 
sive (corresponding to August through 
January), are combined, and periods 8 to 13 
(corresponding to February through July), 
differences in these divisions of the year 
are especially noticeable. These divisions 
correspond approximately to the normal 
breeding and nonbreeding seasons, respec- 
tively. Averages for the two divisions re- 
spectively were: for semen volume, 0.74 and 
0.54 cc.; motility, 1.44 and 1.60; concentra- 
tion of spermatozoa, 2.299 and 3.270 billion 
per cubic centimeter; total spermatozoa, 
1.672 and 1.639 billion; and percentage of 
abnormal spermatozoa, 6.63 and 10.80, On 
a seasonal basis of approximately three 
months corresponding to fall, winter, 
spring, and summer, there is a close agree- 
ment with the data of Phillips et al.5 who 
made similar studies on rams. Comparing 
the two species, semen volume was greatest 
in fall and summer, and lowest in spring, 
for both bucks and rams. ‘For both species, 
motility score was highest in the fall and 
summer and lowest in winter. For bucks, 
concentration was greatest in the spring 
and winter while, in rams, it was greatest 
in the spring and summer. Both were in 
agreement on being lowest in the fall. The 
negative correlation between volume and 
concentration found in buck semen also was 
evident for the ram semen. Total sperma- 
tozoa was greatest in summer and fall for 
the rams and in summer and winter for the 
bucks. Percentage of abnormal spermatozoa 
was greatest in summer and spring for both 
species, and lowest in the fall. 

A possible reason for the few discrepan- 
cies between the seasonal effect on buck and 
ram semen may be due to the fact that the 
bucks were being used in an experiment to 
induce spring breeding by means of light 
control. The bucks were under prolonged 
hours of lighting by the use of artificial 
lights from about December 1 to March 1, 


when the hours of natural lighting were 
reduced below normal for that period of the 
year. The bucks were changed monthly, so 
that most of them came under these modi- 
fied seasonal conditions. Most of the does 
under this treatment bred in May and June. 
Under normal conditions, however, the fall 
and winter seasons appear to be somewhat 
more favorable to fertilization and repro- 
duction than the spring and summer 
months, 

Another suggestion of seasonal influence 
was in the percentage of abnormal sperma- 
tozoa. Exceedingly high percentages oc- 
curred five times in July, twice in February 
and May, and once each in April and Octo- 
ber. The general activity of the bucks also 
was noted to be less through the spring 
and summer months. Every buck on ob- 
servation gave service in September. In 
October, December, and February, there 
was one failure each to give service. In 
November, June, and July, 2 bucks failed; 
in August, January, and May, there were 4 
failures each, and 8 and 9 in March and 
April, respectively. In some cases, the in- 
activity may not have been entirely the 
fault of the bucks, as the does used for 
teasing were not always in a proper degree 
of estrus to excite the bucks. 

Effect of Age of Buck.—All the bucks 
with the letter B following the number 
were born in February, 1947. These were 
purebred or very high-grade Toggenburgs. 
Bucks 40 through 56 (Common American) 
were born in May and June, 1947. Bucks 
76 and 77 (half Toggenburg) were born in 
November 1948 and the remaining three 
(157, 159, and 160) were born in Decem- 
ber, 1949. Both the two-year and three- 
year groups were under observation during 
1948-1949 and 1949-1950. The three-year 
group in addition was under observation in 
1950-1951, the same year as those having 
only one year of observation. All the bucks 
except the 3 born in December, 1949, were 
more than a year old when semen collections 
were begun. The 3 mentioned were 8 months 
old. An analysis of variance of the different 
semen characteristics due to age of bucks 
gave significant results only for motility, 
significant at the 1 per cent level, and per- 
centage of abnormal spermatozoa, signifi- 
cant at the 5 per cent level. 

Effect of Weight and Breeding of Buck.— 
These two factors are rather closely related, 
since in the recognized breeds there has 
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been more or less selective breeding with a 
resulting uniformity of size and conforma- 
tion. In the Common American goat, which 
is more mixed in its breeding, there has 
been less selection and a consequent wider 
range for individual buck weight. In the 
group of bucks used there was a difference 
in weight of 14 lb. between Toggenburg and 
Common American bucks of similar age. 
An exception to this in the yearling group 
is apparently due to the 3 young bucks 
mentional previously. With the same excep- 
tion, there was no significant variation in 
buck weight within the breed. 

Differences in semen characteristics due 
to breeding, as shown by an analysis of 
variance, are highly significant for semen 
volume, concentration, and total sperma- 
tozoa, and significant at the 5 per cent level 
for percentage of abnormal spermatozoa. 
Whether these differences are really a breed 
characteristic or whether they are due to a 
difference in the weight of the bucks is 
rather difficult to determine. It seems, how- 
ever, that weight may be a largely respon- 
sible factor. In the Toggenburgs, the low 
correlation (0.018) between semen volume 
and buck weight possibly may be explained 
by the low variability of the weight of the 
bucks, the coefficient of variation being 14.6. 
In the Common American bucks, the coeffi- 
cient of variation was nearly twice as great 
(27.1) and the correlation of buck weight 
with semen volume 0.204 and significant at 
the 5 per cent level. For the total popula- 
tion of Toggenburgs and Common Ameri- 
cans, the coefficient of variability was 22.08 
and the correlation of buck weight to se- 
men volume 0.227 and highly significant. 
Correlations between buck weight and con- 
centration of spermatozoa and total sperm- 
atozoa were both significant for the total 
population but not when calculated within 
the breed, except the one for buck weight 
and total spermatozoa within the Common 
Americans. 

In the data of Phillips et al.5 with four 
breeds of sheep, the only significant breed 
difference in semen characteristics was in 
total spermatozoa. Data were not presented 
regarding the weight of the rams used. 
However, of the breeds used, the Hamp- 
shires and Shropshires usually exceed 
Southdowns and Karakuls in live weight. 
The average semen volume for the former 
two breeds was 1.08 cc., while for the two 
latter ones it was 0.78 cc. Thus, there ap- 


pears to be agreement as to the effect of 
size on volume of semen produced among 
rams and bucks. 


SUMMARY AND CONCLUSIONS 


Data are given on semen studies from 
Toggenburg and Common American bucks, 
some of them being on observation for three 
consecutive years. 

The characters observed were semen vol- 
ume, motility, concentration, total number 
of spermatozoa, and percentage of abnor- 
mal spermatozoa. 

Semen collection was made at four-week 
intervals. 

Only bucks which had eight or more 
collections during a twelve-month period 
have been considered in the data presented. 

Averages for all bucks for all seasons for 
the various characters studied are: semen 
volume, 0.650 cc.; motility, 1.51; concen- 
tration, 2.724 billion spermatozoa per cubic 
centimeter ; total spermatozoa, 1.658 billion; 
percentage of abnormal spermatozoa, 8.46. 

The greatest source of variaion for all of 
these characters was the individual bucks. 
The period during the year was an impor- 
tant source of variation in semen volume 
and concentration. Year-to-year variation 
was unimportant except for those which 
were observed for three years, and this 
effect was on semen volume, 

Variation as to season of the year showed 
semen volume to be greatest in summer and 
fall, and lowest in spring. Motility was 
highest in summer and fall, lowest in win- 
ter. Concentration of spermatozoa was 
highest in spring, lowest in fall, while total 
number of spermatozoa was highest in sum- 
mer and lowest in spring. The percentage 
of abnormal spermatozoa was highest in 
summer and spring and lowest in fall. In 
general, these characteristics were better in 
the normal breeding season and poorer in 
the anestrous period of the does. 

Neck and middle-piece abnormalities far 
exceeded other types. 

Correlations showed a negative relation- 
ship between volume and concentration, 
motility and percentage of abnormal sperm- 
atozoa, and volume and percentage of ab- 
normal spermatozoa. The relationships be- 
tween volume and total spermatozoa and 
concentration and total spermatozoa were 
positive. 

Breed differences between the Toggen- 
burg and Common American bucks were 
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significant for semen volume, concentration. 
total spermatozoa, and percentage of abnor- 
mal spermatozoa. Some of this difference, 
so far as semen volume is concerned, may be 
affected by the buck’s weight. Agé of the 
bucks appears to have an influence on sperm 
motility aid percentage of abnormal sperm- 
atozoa. These two characters bear a signi- 
cant relationsr:p to one another. For other 
semen characteristics, there was no signi- 
cant age effect. 

The data agree closely with similar data 
for rams made at an earlier period. 
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The Evaluation of Acid-Fast Allergens on Sensitized Goats 
AUBREY B. LARSEN, D.V.M., MS. 


Auburn, Alabama 


JOHNE’S DISEASE and tuberculosis are diag- 
nosed in cattle by injecting the appropriate 
allergen (johnin or tuberculin) into the 
skin and observing the injection site for 
a reaction. Unfortunately, these allergens 
have been shown to contain nonspecific 
factors which may cause them to elicit 
reactions when injected into cows sensi- 
tized to other than homologous acid-fast 
bacilli.' Such reactions tend to confuse 
the diagnosis. 

Investigations to develop more potent 
and specific allergens for the diagnosis of 
Johne’s disease and tuberculosis have been 
under way for a number of years.? For 
these investigations, cattle artificially 
sensitized with either Mycobacterium para- 


tuberculosis or Mycobacterium tuberculosis 
var. bovis were tested with the standard 
allergens (johnin and tuberculin) and 
with chemically fractionated portions of 
these allergens. 

A total of 64 separate intradermal in- 
jections can be made simultaneously by 
distributing them over the body of a 
bovine animal, according to a method of 
distribution planned by Wadley.* The re- 
actions resulting from these injections are 
measured* and such measurements are 
used to make statistical comparisons of 
the various fractions with each other, and 
with the parent materials, to determine 
potency and specificity.2 Such a method 
is satisfactory for making such compari- 


- REGION II 


Fig. |—Location of skin regions on right and left sides of goats. Injection sites in each region = +. 
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sons, except that cattle are expensive to 
purchase and maintain for evaluating these 
products. Therefore, experiments were 
planned to determine if goats could be sub- 
stituted for cattle as test animals in mak- 
ing such comparisons. It is the purpose 
of this paper to present the results of 
these experiments. 
PROCEDURE 

Twelve kids of mixed dairy breeding were 
purchased for the experiment. They were 3 
to 5 days of age at the time of purchase and 


were negative to both intradermal tuberculin 
and intradermal johnin tests. They were di- 
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vided into two groups of 6 goats each and at 
6 month of age were sensitized for the experi- 
ment. All the goats in one group were sensi- 
tized by intraperitoneal injection of 10 ml. 
of a mineral oil suspension of heat-killed 
M. paratuberculosis prepared by a method simi- 
lar to that described by Johnson 

Each of the goats in the second group was 
similarly sensitized with M. tuberculosis var. 
bovis. 

After administration of the sensitizing dose, 
an interval of thirty days elapsed before test- 
ing began to allow the sensitivity to develop. 
Three regions were outlined on each side of 
each animal, based upon observations made in 
a previous experiment on cattle.° Four injection 
sites about 4 in. apart were selected in each 
of the three regions on both sides of each 
animal, making a total of 24 injection sites 
per animal (fig. 1). Each site was marked by 
clipping the hair from a small area. After 
clipping and before making an injection, the 
skin thickness of each injection site was meas- 
ured with a dermal thickness gauge.‘ 

Three separate series of tests were conducted 
on the goats at thirty-day intervals. Each 
test series consisted of three materials in- 
jected twice in four concentrations on each 


Fraction M-3-193 


Standard Tuberculin —— 
Tuberculosis Sensitized Goats - Tb 


Paratuberculosis Sensitized Goats = P 


Total Reaction (mm) 


1 


Logarithm of the Concentration (mic. N per ml.) 


Fig. 2—Graphic comparison of standard tuberculin and 
fraction M-3-193 on goats. 


goat, with the injections arranged to allow 
each material to be tested four times on each 
of the three areas over the 6 animals of each 
sensitization. The three materials used in 
test series No. 1 were, standard johnin, standard 
tuberculin, and tuberculin fraction M-3-193. 
The three materials used in test series No. 2 
were standard johnin, johnin fraction J-3, and 
johnin fraction J-4. The three materials used 
in test series No. 3 were standard tuberculin, 
tuberculin fraction T-10, and tuberculin frac- 
tion T-11. Statistical analysis of reactions elic- 
ited by M-3-193, J-4, T-10, and T-11 showed them 
to be significantly more specific than the 
parent materials when tested on sensitized 
cattle, while J-3 approached significance. Using 
saline, a serial dilution technique was em- 
ployed in making the different concentrations 
in micrograms of nitrogen per milliliter from 
an original material (see table 1 for an example 
of this technique as used in test 1). 

Each injection was 0.2 ml. in volume. The 
increase in skin thickness, resulting from the 
reactions, was measured with the dermal thick- 
ness gauge forty-eight hours after injection. 

Graphical analysis was used to evaluate 
the specificity of each material (fig. 2 shows 
an example of such an analysis). This method 
consists of plotting the total reaction for each 
concentration of each material tested against 
its logarithm of nitrogen concentration. In 
estimating the specificity factor, the standard 
test material is given a value of one as its 
potency on both homologous and heterologous 
sensitizations and it is tested simultaneously 
with the fraction to which it is compared. 
To make the comparison, the horizontal dis- 
tance between the lines formed by plotting the 
results obtained with the fraction and the 
standard test material on the homologously 
sensitized animals is measured in logarithm 
units. The antilog of this figure is the homolo- 
gous potency. A similar measurement is ob- 
tained by measuring the distance between the 
lines plotted from the results obtained on the 
heterologously sensitized animals. The antilog 
of this figure is the heterclogous potency. The 
specificity factor is obtained by dividing the 
homologous potency by the heterologous po- 
tency. Such a method is used because it has 
been shown that practically a linear relation- 
ship exists between the logarithms of the 
concentrations and the size of the resulting 
reactions. The specificity factor obtained on 
goats was compared with the factor previously 
obtained on cattle with the same test material. 
A more detailed description of the method of 
analysis can be obtained by consulting papers 
by Bliss and Marks,’ Wadley,’* and Baisden, 
et al? 


RESULTS 


One M. paratuberculosis-sensitized ani- 
mal died while under test, leaving only 5 
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animals of that sensitization group. In 
making a comparison of the results on the 
two groups, it was decided to subtract one 
sixth of the total obtained from all the 
readings obtained on the 6 M. tuberculosis 
var. bovis-sensitized animals. 

Results of Test Series No. 1.—The micro- 
grams of nitrogen per milliliter of standard 
tuberculin and tuberculin fraction M-3-193, 
the logarithm of nitrogen concentration 
of each testing material, and the adjusted 
reactions in millimeters are shown in table 
1. The johnin readings are not shown, 
since standard johnin was used to observe 
the response to this product so that suit- 
able concentrations for injection in the 
second test could be estimated. 

Figure 2, which was prepared from the 
information shown in table 1, shows the 
result obtained by plotting the total re- 
action for each concentration against its 
logarithm of nitrogen concentration. 

After making the necessary calculations 
from the information plotted in fig. 2, a 
specificity factor of 8.1 for fraction M-3-193 
was obtained. This compared favorably 
with the value of eight previously obtained 
on cattle with this fraction.* 

Results of Test Series No. 2.—The same 
method of plotting described previously 
was used for evaluating the specificity of 


*Unpublished data. 


the materials used in this test and in test 3. 
Johnin fraction J-4 and J-3 showed spe- 
cificity factors of 4.4 and 1.25, respectively, 
on goats. A specificity factor of 3.0 was 
previously obtained with J-4 on cattle* 
which is somewhat parallel to the results 
obtained on goats. However, a specificity 
factor of 1.25 obtained with J-3 on goats 
did not compare favorably with a specificity 
factor of 2.8 obtained on cattle.* 

Result of Test Series No. 3.—Tuberculin 
fractions T-10 and T-11 were found to 
have specificity factors of 5.4 and 3.3, 
respectively, on goats. These two ma- 
terials used at the same concentrations on 
cattle were found to have specificity factors 
of 3.8 and 2.9,* respectively, which are 
roughly parallel to the results obtained 
on the goats. 


DISCUSSION 


Since general agreement was obtained on 
goats and cattle with three tuberculin frac- 
tions and one johnin fraction, it is believed 
that sensitized goats compare favorably 
with sensitized cattle for testing the 
specificity of tuberculin and johnin frac- 
tions. Although johnin fraction J-3 
showed a specificity factor of only 1.25 on 
goats as compared to 2.8 on cattle, such 
variation in biological studies may be 
expected. As previously mentioned, J-3 
was the only testing material used which 


TABLE I—Micrograms of Nitrogen per Milliliter, the Logarithm of Nitrogen Concentration of Each 


Testing Material, and Total Reactions in Millimeters. Forty-Eight-Hour Readings on Goats 


Standard tuberculin on Mycobacterium 
tuberculosis var. bovis-sensitized goats 
Micrograms of N/ml. 
Log of the con. 
Reactions (48 hr.) 
Adjusted reactions (48 hr.)* 


Standard tuberculin on Mycobacterium 
paratuberculosis-sensitized goats 
Micrograms of N/ml. 
Log of the con. 
Reactions (48 hr.) 


M-3-193 on M. tuberculosis var. 
bovis-sensitized goats 

Micrograms of N/ml. 

Log of the con. 

Reactions (48 hr.) 

Adjusted reactions (48 hr.)* 
M-3-193 on M. paratuberculosis- 
sensitized goats 

Micrograms of N/ml. 

Log of the con. 

Reactions (48 hr.) 


*Each of the figures on this line equals five-sixths of the figure just above it, 


Concentration 
9 


1 4 


400.0 


1200.0 
3.1 
31.0 


to adjust for 


the death of a Mycobacterium paratuberculosis-sensitized goat. 


| 
| 

a 200.0 100.0 50.0 

2.6 2.3 2.0 1.7 

67.2 51.2 34.4 27.4 

56.0 42.2 28.0 22.8 

2400.0 6006.0 300.0 

3.4 2.8 2.5 

47.0 23.0 8.2 

200.0 100.0 50.0 25.0 

2.3 2.0 1.7 1.4 

53.8 50.0 38.2 30.6 

44.9 41.7 31.9 25.5 

7700.0 3850.0 1925.0 962.5 

3.9 3.6 3.3 2.99 

41.8 26.6 18.6 13.0 
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was not significantly more specific than 
the parent material when tested on cattle, 
so this one fraction may not have been 
a good choice for use in this experiment. 

While only 24 simultaneous injections are 
made on a goat compared with 64 on a 
bovine animal, the use of goats would 
result in substantial savings since goats 
can be bought and maintained for ap- 
proximately one-sixth the cost of purchas- 
ing and maintaining cattle. 


SUMMARY 
Eleven goats artificially sensitized, 6 with 
Mycobacterium tuberculosis var. bovis and 
5 with Mycobacterium paratuberculosis, 
were compared with similarly sensitized 


cattle in the evaluation of chemically frac- 
tionated portions of johnin and tuberculin. 
Measurements of skin reactions resulting 
from injection of the allergens were com- 
pared and the results indicated that goats 
compare favorably with cattle in evaluat- 
ing increased specificity of such fractions. 
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Dramamine and the Vestibular Apparatus in the Dog 


MARCUS M. MASON, M.S., D.V.M. 


Worcester, Mass. 


SINCE THE advent of motor transport, the 
veterinarian is often requested to advise 
how to prevent a dog from vomiting every 
time it is taken for an auto ride. 

There is no doubt that accommodation 
does occur, and fairly rapidly in most cases 
if the rides are repeated often. There are 
reports, however, of older dogs that still 
vomit after numerous, repeated trials.!* 

Many of the drugs used for human 
beings have been used with questionable 
success in dogs. The new drug, dramamine, 
backed by numerous reports of its efficacy 
for human beings, was logical choice for 
further detailed and controlled studies in 
dogs. 

Dramamine, a theophyline compound, was 
originally investigated as an antihistimine 
drug. Among the patients to whom it was 
administered was a pregnant woman with 
urticaria who, in addition, had suffered 
all her life from car sickness. This patient 
immediately noticed that the drug was pre- 
venting her expected attacks of car sick- 
ness. She reported her discovery to the 
Johns Hopkins’ investigator who found it 
possible to control her symptoms at will. 
While a placebo failed repeatedly, drama- 
mine gave full protection whenever it was 
taken a few minutes before she boarded a 
street car. It was then used on scattered 
individuals with histories of car or air 
sickness. The good results prompted a full 
scale trial in 1948 on a large group of men 
on an Army transport. Dramamine has 
been used in doses of 100 to 400 mg. per 
day as a preventive in human beings, and, 
even after sea sickness had begun, this 
dosage gave retief within one hour to 95 
per cent affected. The effective human 
dosage is from 1 to 4 mg. per pound of 
body weight. 


LITERATURE 


It was recognized that certain symptoms 
were referable to similar types of motion 
whether on land, sea, or in the air. Morton™ 
listed the following symptoms in man in the 
order of their usual occurrence—epigastic 
awareness, pallor, malaise, nausea, vomiting, 
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sleepiness, yawning, headaches, sweating, ab- 
dominal cramps, salivation. It is interesting 
to note that no matter how violent the illness, 
all the symptoms disappear rapidly as soon 
as the causative motion ceases. 

McEachern’® listed the following possible 
mechanisms of motion sickness—visual stimu- 
lation, kinesthetic influences, psychological, 
vestibular irritation, schism between visual and 
kinesthetic impressions, vascular factors. They 
stated that “rapid acceleration and decelera- 
tion, especially in the linear plain, is the main 
factor in the production of motion sickness.” 
Babkin' added two causes to the above as 
visceral displacement and a chemical acidosis 
in the blood stream. 

There have been numerous experiments on 
man and animals to induce motion sickness 
experimentally. Groups of Canadian workers 
did a great deal of work during World War II. 
No matter how many causes might be listed 
as contributory, the role of the vestibular 
apparatus was generally conceded as being 
primary. 

Various animals, besides man, have been 
found to be susceptible to motion sickness. 
Dogs, sheep, cows, monkeys, and cats are af- 
fected while very young puppies, rabbits, guinea 
pigs, and most birds are not affected. 

The vestibular apparatus consists of the 
vestibular nucleus in the cerebellum, the ves- 
tibular nerve which is a branch of the eighth 
cranial nerve, and the labyrinth. The labyrinth 
consists of the auditory and nonauditory part. 
The auditory part is the cochlea which is con- 
nected to the saccule. The nonauditory portion 
is composed of the three semicircular canals, 
arranged in the various planes of the head, 
and two cavities, the urticle and the saccule. 
The endolymph, which fills the three canals 
and two cavities, is activated by various mo- 
tions of the head. These movements of the 
liquid are then translated to movements of the 
cilia and otoliths which are in contact with 
the nerve ending of the vestibular nerve. The 
impulses are then scattered to the vestibular 
nucleus in the medulla and cerebellum, to the 
pons, to the vestibuloocular tract, and to the 
muscles by way of the spinal motor neurons.’ 

McNally’ cited many authors from Goltz® in 
1870 to the present time who have stated that 
“the labyrinth plays the most important role 
in motion sickness.” “The saccule is not con- 
cerned with equilibrium.” “The urticle is the 
most important gravity organ in the labyrinth. 
It is the end organ for the perception of linear 
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acceleration.” Sjoberg’ stated that “motion 
sickness is the result of stimulation of the 
semicircular canals and the otolithic apparatus.” 

It was early noted that any damage to the 
vestibular apparatus or the labyrinth caused 
nystagmus. As described by McNally,® “Nystag- 
mus is any involuntary to and fro movement 
of the eyes with a rhythmic quick and slow 
or undulatory movement in which both com- 
ponents are equal. The movements are usually 
coérdinated bilaterally but may be dissociated 
or affect only one eye. It may be spontaneous 
or induced, vestibular, ocular, or central.” 

Prince” in 1920 working on cats was unable 
to produce any appreciable reduction in the 
“after nystagmus” by repeated horizontal rota- 
tion for twenty days. He concluded that rota- 
tion tests give an adequate index to laby- 
rinthine function by measurement of the nys- 
tagmus produced. 

The principal symptoms that dogs exhibit 
when sick due to motion are salivation, nausea, 
and vomiting. Their mucous membranes may 
become blanched and they may yawn before 
the salivation starts. They are definitely appre- 
hensive. These symptoms are almost identical 
with the symptoms in human beings. Dogs 
will salivate and vomit much more readily 


TABLE !—Oral Tolerance to Dramamine 


ate of Gosage 
(me. pe 
Reactions 


Weight 


R 


te 


No reaction ; 
good appetie 


No reaction ; 
good appetie 


No reaction ; 
ate well 


‘eaction ; 
> well 


No reaction ; 
ate well 


No reaction; 
ate well*® 


800 Slightly unsteady gait; 
ate food, vomited one 
hour later** 


No appetite 
vomited within 
one hour 


*Due to difficulty in administration, two or 
three tablets were crushed in the mouth. A small 
vomitus of phlegm and saliva immediately fol- 
lowed. Later, the dog ate well, 

**This dog had chronic nephritis. 

All animals were offered food ten minutes after 
dramamine dosing. The maximum tolerated single 
dose of 15 mg. per pound of body weight is about 
50 times the recommended dose (single) for human 
beings. 
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than human beings and with much less dis- 
comfort. Babkin' and Noble” have adequately 
described these factors in their experimental 
and naturally occurring cases. 

The efforts to determine the cause of motion 
sickness were many and some strove to clarify 
the type of motion which would give the high- 
est degree of sickness. Others tried to deter- 
mine the chemical factors in the blood, the 
blood pressures, the brain waves, the heart 
action by electrocardiography. Noble“ found 
that a swing covering a 14-ft. arc at a 45-degree 
angle brought about the greatest percentage 
of vomiting in the dogs tested. He found that 
linear acceleration and deceleration, with in- 
creased rates of speed, increased the incidence 
of vomiting. Swinging, horizontal, vertical, and 
angular motion were important in that order. 
Other motions like “washboard”, traverse, “fer- 
ris’ wheel rolling were also used but showed 
less effect than swinging. 

The majority of all these researches have 
placed the principal mechanism as being in 
the vestibular apparatus. Sjoberg" found that 
sections of the eighth nerve or bilateral laby- 
rinthectomy prevented all symptoms of motion 
sickness. He had noted that deaf mutes who 
had reactionless labyrinths were entirely im- 
mune to motion sickness. 

Once the factors of motion sickness were 
standardized to the point where results could 
be regularly reproduced, the problem of assay- 
ing various drugs could be attacked.* Noble™ 
developed methods of assaying the relative 
activity of barbiturates and other drugs. Bab- 
kin also found that certain drugs would bring 
on motion sickness while others, either alone 
or in combination, would delay or suppress 
entirely any motion sickness. Noble” also 
worked out some of the factors concerned 
with the manner in which dogs could accom- 
modate themselves so that their susceptibility 
decreased. 

How to prevent a dog from being affected 
by motion sickness can be useful to the veter- 
inarian and a blessing to the owner of the 
dog. Babkin' favored a combination of sodium 
bromine and bulbocapnine. Ejiliott' found that 
“V-12" (mosidal Abbctt) in dose of 3 mg. per 
pound of bodyweight would adequately protect 
a dog. Noble, who tested a whole series of bar- 
biturates, in a personal communication wrote, 
“You will note that many barbiturates are 
completely effective therapy for dogs.” In our 
own practice, we found that sodium amytal 
or nembutal, 1% gr. per 25 lb. of body weight 
was enough to suppress motion sickness if 
given one to two hours before motion. 


OBJECTIVES 


1) To use rotation as a vestibular irri- 
tant and to measure the irritation by the 
resultant nystagmus. 

2) To make a _ limited 


study of the 
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pharmacology and toxicology of dramamine 
in dogs. 

3) To determine any vestibular depres- 
sant action of dramamine. 

4) To determine effect of dramamine 
on the vomiting center of the dog. 


METHODS 


1) The 36 dogs used varied in age from 4 
months to 16 years and in weight from 10 
to 75 lb. They were about equally divided as 
to sex. They were all healthy dogs except that 
the older dogs had those chronic conditions 
which are inevitable in old dogs. The tempera- 
ment varied from large, placid dogs to very 
fine and nervous animals. 

2) A modification of the Barany, or whirling 
chair, was used to produce vestibular irritation 
in dogs. Thirteen dogs were used in trials in- 
volving rotation. By mounting a box in the 
seat of the Barany® chair, it was possible to 
secure the dog in a standing, fixed position 
while the rotations were carried. The motion 
was similar to that of a phonograph record 
on a turntable. After many trials the follow- 
ing procedures were followed in determining 
the relationship between the speed and number 
of rotations and the resulting nystagmus in 


TABLE 2—Dramamine Versus Vestibular Irritation in 
Dog C (Weight 18 Ib., Given 100 mg. Dramamine 
Orally at 9 a.m.) 


(seconds) 


Average nystagmus 
(seconds) 


| Number and direction 


Nystagmus 


CW 
‘CW 
CW 
CW 
CCW 
CW 
CCW 
CW 
CCW 
CW 
CCW 
CW 
CCW 
CCW 
CW 
CCW 
CW 
CCW 9.4 
11.7 


= 
to 
to 


min. 


oon or 


nw 


45 min. 


40 min. 


35 min. 


R = rotation. 
CW = clockwise. 


clockwise. 
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the dogs. The speed of rotation varied roughly 
from 35 to 45 revolutions per minute. The 
rotations were carried on as evenly as possible 
and the onset of nystagmus was computed from 
a sudden stopping. The duration of nystagmus 
was estimated by observing the lateral sweep 
of the eyeballs until such time as the dog 
showed evidences of being able to voluntarily 
control the eye movements. This point is 
usually clear-cut and the error is hardly ever 
greater than one-half second. The use of a 
stop watch was imperative. Nystagmus begins 
as soon as rotation ceases. This type of nys- 
tagmus is therefore known as “after nystag- 
mus”. The interval is the extent of nystagmus 


TABLE 3—Intravenous Apormorphine Tolerance Test 


Apomorphine 


(gr. per lb 
body weight) 


Apomorphine 


Weight (ib.) 
Results 


0.000025 No vomiting ; 


drank milk 


0.00052 


0.000025 0.0008 No vomiting 


0.000025 0.001875 No vomiting 


Vomited in 
three minutes 


0.00005 0.0007 


Vomited in 
three minutes 


0.0001 0.0034 


Vomited in 
two minutes 


0.0001 0.0012 


in seconds. Fifty rotations are made clockwise. 
The extent of nystagmus is noted. Fifty rota- 
tions counter clockwise are made and the 
extent of nystagmus is again noted. The aver- 
age in seconds is taken as the maximum elicta- 
ble nystagmus. The dogs were then whirled 
15 rotations clockwise and then counter clock- 
wise for four whirls. The duration of nys- 
tagmus was recorded after each whirling. The 
average of the four runs was accepted as being 
a quantitative representation of the sum total 
of the vestibular activity, brain conductivity 
and muscular eye activity. (See table 2 for 
representative data sheet.) 

3) Twelve dogs were given oral doses of 
dramamine while 3 were given intravenous 
doses. The oral administration was given at 
various times in relation to feeding and seemed 
to make no difference. When the tablets were 
crushed in the mouth, there was excessive 
salivation until the toxic level was reached. 
Within nontoxic ranges no other discomfort 
nor interference was noted with appetite or 
bowel function. 

Single doses were given to find the maximum 
nontoxic level. Daily doses were given to 
observe cumulative toxic reactions. For intra- 
venous use, the dramamine was dissolved in 
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heated saline and dextrose solutions. (See 
table 1.) 

4) To assay the action of dramamine against 
motion sickness, an attempt was made to in- 
hibit or counteract the action of apomorphine 
hydrochloride by first dosing with moderate 
doses of dramamine. The apomorphine was 
then administered either subcutaneously or 
intravenously. One of the immediate problems 


Injection and 


TABLE 4—Combined Apormorphine 
Whirling 


body weight) 
vomiting 
Effect of 
200 rotations 


Total dose 
Time of 


Apomorphine 
(gr. per lb 


Slight 
0.0001 salivation 
0.0001 
0.00015 
0.00015 
0.0002 
0.0002 


0.0045 
0.015 
0.0064 


arising from the stimulation of the vomiting 
center was to find out the minimum dose of 
apomorphine that would cause vomiting. By 
repeated trials and by drug weight to animal 
weight relationships, the proper dosage was 
determined. 

Doses of apomorphine from 0.00005 gr. to 
0.0001 gr. per pound of body weight will cause 
vomiting within three minutes. There is one, 
or at the most two vomitions, the animals 
show no distress, and are ready to eat within 
a few minutes after emesis. (See table 3.) 

Dramamine at the rate of 5 mg. per pound 
of body weight was given to the dogs at 2:00 
p.m. The dogs were then fed their usual meal 
at 3:00 p.m. The injections of apomorphine 
sulfate were given subcutaneously from 3:35 
p.m. to 3:38 p.m. The concentration of apo- 
morphine was .0002 gr. per pound of body 
weight. 

Dramamine in moderate to high doses did 
not inhibit the action of minute doses of 
apomorphine, which caused 5 out of 6 dogs 
to vomit. (See table 5.) 

5) Since vomiting due to motion is known 
to be a complex mechanism, an attempt was 
made to induce vomiting in dogs with whirling 
after they had maximum nonvomiting doses 
of apomorphine to lower the vomiting thresh- 
old. Animals not vomiting within fifteen min- 
utes after apomorphine injection were given 
200 rotations, alternating the direction at the 
end of 50 rotations. The vestibular irritation 
as manifested by the extent of nystagmus was 
also recorded before and after the apomorphine. 
(See table 4.) 

The object of this experiment was to gradu- 


ate the subcutaneous dose of apomorphine so 
low that there would be several.animals receiv- 
ing maximum nonvomiting doses of apomor- 
phine. These were then to be whirled for 200 
rotations to see whether vomiting could be 
induced. 

The dogs were fed at 3:10 p.m. and then 
whirled to record the duration of nystagmus 
before apomorphine injection. They were then 
fed again at 4:25 p.m. The apomorphine was 
injected at 4:30 p.m. 

Dogs X, W, and G were whirled, since they 
did not vomit within fifteen minutes, after 
the subcutaneous injection of the apomorphine. 
The results as far as vomiting, or the duration 
of nystagmus, were not significantly altered. 


RESULTS 


Pharmacology and Toxicology of Drama- 
mine in Dogs.—Dogs were dosed daily in 
quantities varying from 1 mg. per pound of 
body weight to 100 mg. per pound of body 
weight. Single doses were well tolerated up 
to 15 mg. per pound of body weight. One 
large dog took a single dose of 750 mg. 
without any untoward effects. Any dose 
from 20 mg. and up per pound of body 
weight will cause vomiting in at least half 
the dogs. Fifteen dogs were used in the 
various feeding and injection studies. Table 
1 represents a typical data sheet. 

Daily doses of 4 mg. per pound of body 
weight were well tolerated for five days. 
When this dose was doubled, the dogs be- 
gan to vomit and to have diarrhea after 
three days (2 out of 3 cases). No hemato- 
logical studies were performed. 

Dosages from 20 mg. to 40 mg. per pound 
of body weight cause vomiting. As the 
dose increases, the rate of vomiting in- 
creases from 50 per cent to almost 100 per 
cent. One hundred mg. per pound of body 


TABLE 5—Dramamine Versus Minimum Doses of 
Apormorphine Causing Vomiting 


Results 


Vomited at 3.50 
0.006 Vomited at 3.40 


0.006 No vomiting ; 


ate at 3.50 
Vomited at 3:40 
Vomited at 3:42 
Vomited at 3:52 


0.007 
0.008 
0.014 
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weight causes severe reaction with prostra- 
tion, vomiting, dilation of the pupils, nys- 
tagmus, and death within thirty minutes. 

Intravenous 1 per cent dramamine in 
isotonic saline, and 5 per cent dextrose was 
used in dosages of 4, 5, and 10 mg. per 
pound of body weight. With 4 and 5 mg. per 
pound of body weight, there were slight and 
transient symptoms of trembling, confu- 
sion, and some muscular incoérdination. 
Recovery was rapid, and the dogs had a 
good appetite within three hours. On a 
dosage of 10 mg. per pound of body weight, 
there was severe prostration, tremors, 
hyperesthesia, and incodrdination to the 
point of loss of balance. The effect of the 
drug in this dosage was much more lasting 
and the effects were not completely removed 
after twenty-four hours. 

With moderate doses there were no signs 
of abnormal or significant changes in mus- 
cular control, blood pressure, pulse, or res- 
piration. There were no signs of flatulence, 
colic, bloating, or nausea. There was no loss 
of weight in animals that were under trial 
for two months. Variations in age, sex or 
temperament did not seem to affect the 
use of dramamine. 


Stimulation of the Vestibular Apparatus. 
—Rotation in the Barany chair was very 
satisfactory in getting marked response in 
the form of active lateral sweeps of nys- 
tagmus in the eyes. The maximum nystag- 
mus could be elicited after approximately 


50 rotations. Of the 14 dogs that were 
tested, the maximum nystagmus averaged 
14.875 seconds. The spread was from 8.12 
seconds to 18.5 seconds. The average dura- 
tion of nystagmus after four sets of 15 
rotations was 11.4 seconds. 

Motion sickness as manifested by vomit- 
ing or severe nausea was never brought 
about by rotation. Continuous rotation for 
twenty minutes, alteration in the direction 
of rotation, repetitions of rotation from 
time to time, and increasing the speed of 
rotation were of no avail. 

Ability of Dramamine to Suppress Nys- 
tagmus.—Six dogs were used in trials to 
see whether dramamine would inhibit or 
suppress vestibular irritation and/or nys- 
tagmus. The whirling trials were made 
before and after the dosing of the drama- 
mine. (See table 2.) Trials were first 
made using oral dosing and the whirling 
was continued for periods up to 11.5 hours. 
In order to be sure that a maximum absorp- 
tion of the drug had occurred, a trial was 


DRAMAMINE TOLERANCE I 


made using intravenous dosing of drama- 
mine. In neither instance was there any 
significant change in the nystagmus result- 
ing from standard rotations. 

Ability of Dramamine to Suppress Vomit- 
ing.—To evaluate the ability of dramamine 
to counteract the stimulation of the vomit- 
ing center by apomorphine, it was impera- 
tive to ascertain the least amount of the 
apomorphine needed to induce vomiting in 
about 80 per cent of the dogs. Apormor- 
phine tolerance tests were performed on 
16 dogs. Table 3 represents one such trial 
using apomorphine intravenously. This ex- 
periment was interesting since it revealed 
that the recommended dosages in the veter- 
inary and human literature were in most 
instances too high. Most texts recommend 
from 1/40 io 1/60 of a grain of apomor- 
phine. Our findings are that 0.0002 gr. 
per pound of body weight will cause vomit- 
ing in more than 75 per cent of the dogs 
and 0.00025 will give 100 per cent emesis. 
We therefore recommend this dose that va- 
ries from 1/500 to 1/50 of a grain, This 
means that most dogs have been overdosed 
almost ten times in ordinary practice. If 
given intravenously, the dosage, can be fur- 
ther reduced by halving the dose.® 

Seven dogs were given dosages of apo- 
morphine varying from 0.0001 gr. to 0.0002 
gr. per pound of body weight. Of these, 3 
vomited. The remaining 4 dogs were ro- 
tated from 200 rotations (alternating the 
direction after every 50 rotations) to see 
whether the apomorphine would lower the 
threshold enough so that the combined use 
of apomorphine and whirling would bring 
about vomiting. Not one of the dogs 
showed any effect from the combined action. 
(See table 4.) 

Doses of 10 mg. of dramamine per pound 
of body weight were given to 6 dogs to 
see whether they would counteract fairly 
large doses of subcutaneously injected 
apomorphine. Every dog vomited in this 
trial. Table 5 gives the results of using 
dramamine at the rate of 5 mg. per pound 
of body weight against a minimum dose of 
apomorphine. Five, out of the 6 dogs tested, 
vomited. These results preclude any in- 
hibitory effect from dramamine. 


SUMMARY 


1) Dramamine is well tolerated orally 
in dogs up to 15 mg. per pound of body 
weight in single doses and up to 4 mg. per 
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pound of body weight in daily doses up to 
five days. 

2) Doses above 20 mg. per pound of body 
weight, orally, will result in vomiting 
within ten minutes. Doses above 40 mg. 
per pound of body weight may be consid- 
ered toxic to dogs. 

3) Intravenous doses of dramamine of 
4 to 5 mg. per pound of body weight can be 
tolerated.’ Doses higher than this are defi- 
nitely toxic. 

4) Vestibular activity was not depressed 
by dramamine. 

5) Apomorphine hydrochloride in doses 
of 0.00025 grains per pound of body weight 
is enough to cause vomiting in 100 per cent 
of the dogs. This is about a tenth of the 
usual recommended dosage. 

6) Vestibular irritation by rotation does 
not cause motion sickness in dogs. 

7) Vestibular irritation by rotation does 
not lower the vomiting threshold. 

8) Dramamine does not antagonize or 
neutralize the effect of emetic doses of 
apomorphine in dogs. 

9) Clinical trials on dramine for its effect 
on car sickness were not performed. 
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Canine Penicillin Blood Levels Obtained with 


Parenteral Benzethacil 


W. C. GLENNEY, D.V.M.; C. F. BATORY, V.M.D.; R. A. HUEBNER, V.M.D. 


Philadelphia, Pennsylvania 


SUSTAINED PENICILLIN blood levels, be- 
cause of differences in environmental 
sanitation and patient codperation, are even 
more desirable in veterinary medicine than 
in human therapy; too, the cost and in- 
convenience of repeated doses of any of 
the usual penicillin salts quickly may ex- 
ceed the economic limit. 

A new repository form of penicillin, 
N,N’-dibenzylethylenediamine dipenicillin 
G, or benzethacil,* has been described in 
detail in the literature.’: *;* After a single 
dose of 300,000 units in aqueous suspension 
given intramuscularly in human beings, 
demonstrable penicillin blood levels have 
been obtained from seven to eleven days.* 
Prolonged levels also have been demon- 
strated in rabbits. 

To determine the response elicited by 
benzethacil in normal dogs, a single intra- 
muscular dose of 300,000 units in aqueous 
suspension was used. Additional dogs were 
given potassium penicillin G and procaine 
penicillin G, similar in amount and prep- 
aration, to compare results. 

The first group of dogs were cross-bred 
animals varying from 8 months to 2 years 
of age, weighing from 35 to 50 Ib. Blood 
samples were drawn without coagulant into 
sterile test tubes at the postinjection 
times indicated and stored at the usual 
refrigerator temperatures; the serum con- 
tent of penicillin was determined by the 
microbiological cup plate method with 
Sarcina lutea as the test organism. 

A second group of dogs, Springer Span- 
iels, weighing from 50 to 60 lbs., used for 
breeding by a nearby kennel, were made 
available and the same injection and bleed- 
ing program was repeated. The work was 
discontinued after eight days because the 

From the Department of Veterinary Service, 
Wyeth, Inc., Philadelphia, Pa. 
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owner objected to further bleeding of the 
animals. 
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Fig. |—Penicillin blood levels per cubic centimeter 
of serum. 


The maintenance of sustained, effective 
blood levels is a primary problem in the 
treatment of any animal disease in which 
penicillin therapy is indicated. Attempts 
to accomplish this end have been directed 
toward the development of less soluble peni- 
cillin salts and by the admixture of absorp- 


tion-retarding materials such as wax, 
aluminum monostearate, etc. From the 
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| | 
* s 7 eave” 206 t 


Fig. 2—Penicillin blood levels per cubic centimeter 
of serum. 
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references quoted and the data here pre- 
sented, benzethacil appears to be the peni- 
cillin salt of choice for the purpose of 
maintaining prolonged blood levels. 


SUMMARY 


The administration of a single, intra- 
muscular dose of 300,000 units of benze- 
thacil (N,N’-dibenzylethylenediamine di- 
penicillin G) to medium-sized dogs resulted 
in a blood serum-penicillin level usually 
considered effective for from eight to fifteen 
days. Similar injections of potassium 


penicillin G resulted in serum levels for 
twelve hours and of procaine penicilin G 
for twenty-four hours. 
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Feline Pneumonitis. |. Immunization Studies in Kittens 


D. G. McKERCHER, D.V.M., Ph.D. 


Davis, California 


FELINE PNEUMONITIS is now recognized as 
being of considerable importance in feline 
practice. While the uncomplicated infection 
seldom terminates fatally except in young 
kittens, nevertheless, it frequently debili- 
tates older animals to such an extent that 
complete clinical recovery is greatly pro- 
longed and relapses commonly occur. Fur- 
thermore, because of its extreme communi- 
cability, this disease constitutes a major 
problem in pet hospital management. 

Apart from the fact that feline pneu- 
monitis has been found to exist simultane- 
ously with panleucopenia in the same 
animal, little is known regarding its inter- 
relationships, if any, with other feline 
conditions. Whereas the experimental in- 
fection is relatively mild, the severity of 
the clinical condition from which the virus 
of feline pneumonitis has been isolated 
varies within wide extremes. This rather 
suggests that other factors, either of pri- 
mary or secondary importance, are involved. 

In general, a poor immune response is 
produced, either by natural or artificial 
means, to the agents of the psittacosis- 
lymphogranuloma - pneumonitis group of 
which the virus of feline pneumonitis 
(Miyagawanella felis) is a member. How- 
ever, during the course of his studies on 
the latter virus, Baker? found that, in the 
case of the few cats tested, those which 
recovered clinically could not be reinfected 
by intranasal challenge with infectious 
material. Furthermore, he succeeded in 
immunizing mice against experimental in- 
fection by the inoculation of viable virus 
intraperitoneally. 

In the light of these findings, it was 
considered advisable to investigate the im- 
munogenic potential of the feline pneu- 
monitis virus in greater detail in the event 
that vaccination might produce a satisfac- 
tory immunity, or at least modify the 
severity of the infection. Accordingly, since 
the disease is most severe in young animals, 
an investigation was undertakey to deter- 
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mine the protective value of vaccines in 
kittens against the experimental disease. 
Evaluation of each vaccine was attempted 
on the basis of the serum antibody levels 
elicited in response thereto, and on the 
clinical response of the vaccinated animals 
to experimental challenge. 


MATERALS AND METHODS 


Virus.—The original strain of feline pneumo- 
nitis virus was used throughout in this study. 
It was provided, in the form of frozen, infected 
mouse lung from the thirty-eighth serial pass- 
age, by Dr. James A. Baker (New York State 
Veterinary College). A second culture of the 
same strain which had been adapted to grow 
in the allantoic sac of chicken embryos* was 
obtained from Dr. Dorothy Hamre of the Squibb 
Institute, Rahway, N. J. Growth of the mouse 
lung-adapted virus was readily adapted to yolk 
sac, and it was propagated in this medium and 
in mouse lung, while the allantoic sac-adapted 
virus was maintained by allantoic passage. Sus- 
pensions were prepared by grinding tissues 
from infected embryos and mice in either a 
glass tissue grinder or a Waring blendor with 
or without a small amount of suspending fluid. 
Fluids routinely employed for this purpose were 
infusion broth, unbuffered saline, saline buf- 
fered at pH 7.2 with 4 parts of 0.15 molar phos- 
phate buffer per hundred, and 0.1 molar neutral 
phosphate buffer. The material was then made 
up to a 10 per cent suspension with the same 
suspending medium as used during the grind- 
ing. Suspensions used as inoculum were pre- 
pared usually by volume, whereas those to be 
titrated or used for challenge purposes were 
prepared on an accurate weight basis. In the 
case of the challenge material, sterile skimmilk 
was used as the suspending fluid. 

Suspensions and fluids to be inoculated were 
filmed and stained by Macchiavello’s method‘ 
and examined microscopical’y to ensure that 
elementary bodies were present. Infectious ma- 
terial was held for periods up to one week in 
duration at 4 C. or under dry ice refrigeration, 
if longer periods ensued between harvesting 
and use of the material. The challenge virus 
was shell frozen in hermetically sealed vials 
and held for a period up to one year in duration 
under dry ice refrigeration. 

Titration of Virus.—Titrations were conducted 
in albino Swiss mice weighing between 15 and 
20 Gm. each. In titrating, 0.05 ec. of serial ten- 
fold dilutions of virus were inoculated intra- 
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nasally while the mice were under light ether 
anesthesia, using 5 mice for each dilution. The 
presence of pneumonia on autopsy seven days 
subsequent to inoculation was taken as the cri- 
terion for infection, with or without the dem- 
cnstration of elementary bodies. The virus 
content of titrated material was expressed in 
terms of infective dose, (ID,,) according to the 
method of Reed and Muench.° 


IMMUNIZATION PROCEDURES 


Vaccine Production.——Several harvestings of 
infected yolk sacs from the sixteenth to the 
twentieth serial egg passage were pooled and 
minced in a Waring blendor without diluent. 
Sufficient 0.1 molar neutral phosphate buffer 
was then added to make a 10 per cent suspen- 
sion by weight. Following titration, portions of 
this master suspension were removed and 
treated as described below in the preparation 
of the yolk sac vaccines. Mouse lungs of the 
sixty-second serial passage, and allantoic fluid 
from the eighty-first consecutive allantoic egg 
passage were also used in the preparation of 
vaccines. 

Crude Yolk Sac Virus.—A portion of the yolk 


sac suspension, which gave an ID,, titration’ 


of 3.5 x 10“, was dispensed in 2-cce. 
in lyophile vials, shell frozen, and 
The vials were then her- 


value 
amounts 
dried under vacuum. 
metically sealed. 

Concentrated, Partially Purified, Yolk Sac 
Virus.—The supernatant fluid obtained by cen- 
trifuging a portion of the master suspension at 
2,500 revolutions per minute (r.p.m.) for fifteen 
minutes was recentrifuged at 25,000 r.p.m. in a 
Sharples centrifuge, using a clarifier bowl. The 
sediment, which was found to consist largely 
of elementary bodies, was removed and resus- 
pended in a volume of 0.1 molar neutral phos- 
phate buffer equal to one-tenth that of the 
original yolk sac suspension. The suspension 
was then dispensed and lyophilized as previ- 
ously described. 

Purified Yolk Sac Virus—A mass of ele- 
mentary bodies relatively free of extraneous 
material was obtained from a portion of the 
master yolk sac suspension by precipitating out 
the soluble yolk sac fractions with ammonium 
sulphate and recovering the virus by differen- 
tial centrifugation. The recovered virus was 
then suspended in a volume of 0.1 molar neutral 
phosphate buffer equal to one-tenth that of the 
yolk sac suspension from which the elementary 
bedies were recovered. The suspension was 
stored in this form. 

Irradiated Purified Yolk Sac Virus.—A sus- 
pension of elementary bodies recovered from 
infected yolk sac as previously described was 
subjected to ultraviolet irradiation in a closed 
cabinet for thirty minutes. The suspension was 
exposed as a film 5 mm. in depth in a flat- 
bottomed glass container at a distance of 8.1+ 
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cm. from the source of the rays. The material 
was then stored in this form. 

Crystal Violet-Treated Purified Yolk Sac Vi- 
rus.—To a 50-cc. portion of the elementary body 
suspension, 2 cc. of a 1 per cent aqueous solu- 
tion of crystal violet was added. The mixture 
was thoroughly shaken and incubated at 37 C. 
for ten days. 

Allantoic Fluid Virus.—After standing over- 
night at 4 C. to permit settling of the cellular 
debris, the supernatant material of a volume 
of undiluted infected allantoic fluid was dis- 
pensed and lyophilized as described. The pre- 
lyophilization ID,, titer was 5.6 x 10°. 

Crude Mouse Lung Virus.—A 10 per cent sus- 
pension was prepared by shaking ccarsely 
chopped lungs with Pyrex fragments in extract 
broth. It was then dispensed and lyophilized 
according to the procedure already described. 

All vaccines were tested for viability by nasal 
inoculation into mice immediately following 
preparation and then stored at 4 C. until used. 
Unused portions were returned to storage if 
they were to be required later. 

Vaccination and Challenge of Kittens.—Kit- 
tens 6 to 10 weeks of age were given a single 
subcutaneous injection of 2 ec. of vaccine. 
Immediately thereafter, the animals were iso- 
lated and observations made daily for evidence 
of infection. Five weeks following vaccination 
each kitten was challenged, while under light 
ether anesthesia, with 100 mouse ID, of virus 
given intranasally. The same amount of virus 
was administered to 7 unvaccinated kittens 
which served as controls. The vaccinated and 
control animals were observed closely for an 
ensuing period of one month, at the end of 
which time attempts were made to isolate the 
virus from ocular and nasal washings. The 
animals were then destroyed and in cases where 
the agent had not been recovered, attempts 
were made to isolate it from the turbinate 
bones. Results are shown in table 1. 


SEROLOGICAL PROCEDURES 


The complement-fixation test, because of its 
highly successful adaptation to studies on virus 
diseases, and particularly those due to members 
of the psittacosis-lymphogranuloma-pneumonitis 
group of agents, was selected as a_ possible 
method of evaluating each vaccine on the basis 
of the antibody response elicited thereto in 
kittens. 

Antigens.—In addition to crude suspensions 
of infected yolk sac and mouse lung, the high 
speed sediment from infected yolk sac suspen- 
sion, suspensions of infected chorio-allantois, 
and allantoic fluid containing a heavy concen- 
tration of elementary bodies were also tested 
for their suitability as complement-fixing anti- 
gens. However, with the exception of the sus- 
pensiors of infected yolk sac and mouse lung, 
all were either weakly or nonantigenic. While 
both of these preparations were equally satis- 
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factory, the mouse lung antigen was selected 
for use in the test inasmuch as the majority 
of the vaccines were prepared from infected 
yolk sac. Thus, the necessity for testing the 
serums against normal yolk sac was eliminated. 

Mice infected by intranasal inoculation of 
virus were destroyed when moribund and, after 
irrigating the lungs to flush out static blood, 
the consolidated portions thereof were har- 
vested, weighed, and placed in nine volumes of 
extract broth. The suspension prepared there- 
from by shaking with Pyrex fragments was 
centrifuged at 1,500 r.p.m. for ten minutes to 
sediment coarse particles. The supernatant 
material which contained a heavy concentration 
of elementary bodies relatively free from tissue 
debris ccnstituted the antigen. Storage was 
maintained under dry ice refrigeration and the 
antigen was used over a period of several 
weeks. 

Cat Serums.—Blood samples were obtained 
by cardiac puncture from each kitten prior to 
and five weeks following vaccination, and again 
at the time of destruction one month following 
challenge. The control animals were bled at 
the time of infection and one month subse- 


quently. After clot shrinkage and centrifuga- 
tion, the serums were withdrawn and held in 
the frozen state. 

Test Procedure.—Serial two fold dilutions of 
each serum specimen were made in physiolog- 
ical saline and 0.2 cc. of each dilution was 
added to Wassermann serological tubes that 
had been thoroughly washed and acid rinsed. 
Positive and negative control serums similarly 
diluted were included in each test. Two units 
of antigen in saline contained in a volume of 
0.2 cc. were then added to each tube, followed 
by the addition of 2 units of complement in 
saline in a volume of 0.5 cc. Each serum speci- 
men was also tested for anticomplementary ac- 
tivity in the absence of antigen. The three 
control tubes contained, in addition to 2 units 
of antigen, 2, 1, and 0.5 units respectively of 
complement in a volume of 0.5 cc. The test 
mixtures were incubated for two hours in a 
water bath at 37 C. To each tube was then 
added 1 cc. of a sensitized cell mixture con- 
sisting of equal parts of a 2 per cent sheep red 
blood cell suspension and 2 units of hemolysin 
in saline, mixed from twenty to thirty minutes 
previously. The tubes were then shaken and 


TABLE !—Clinical Response of Vaccinated and Control Kittens to Active Virus and Serum Antibody Titers 
Evoked in Response to Vaccination and to Infection 


Number 
Number yielding 
Number of 


kittens antto month post- 


resist- virus one 


Vaccine 


vaccinated challenge challenge 


Distribution of antibody titers Ave. 
titer 


Serums of 
tested 1-8 1-16 1-32 1-64 1-128 group 


Crude yolk sac** 
virus 


5 


Concentrated par- 


tially purified 
yolk sac** virus 


Purified yolk 
sac** virus 


Irradiated puri- 
fied*** yolk 
sac virus 

Crystal violet*** 
treated purified 
yolk sae virus 


Allantoic** 
fluid virus 


Crude mouse 
lung** virus 


Control 
Kittens 


number 
inocu- 
lated 


4 


number yielding 


virus one 


number month post- 


infected inoculation 


‘ ‘ 


Prevaccination 
Postvaccination 
Postchallenge 
Prevaccination 
Postvaccination 
Postchallenge 
Prevaccination 
Postvaccination 
Postchallenge 


Prevaccination 
Postvaccination 
Postchallenge 


Prevaccination 
Postvaccination 
Postchallenge 


Prevaccination 
Postvaccination 
Postchallenge 


Prevaccination 
Postvaccination 
Postchallenge 


Preinfection 
Postinfection 


9 


3 


9 


<1-4 
1-18 


*Serum titer of kitten(s) in which clinical infection developed following challenge. ** Viable vaccine. 
***Nonviable vaccine. 


- 


z 
5 <1-4 i 
1 1-77 
6 <1-4 
6 6 5 1 2 1 1 1 1-44 
| 
5 <1-4 
| 5 ‘ 2 ge 19 
1 1 3* 1-85 
6 <1-4 
6 4 4 1 1 4* 1-12 4 
1 3* 2° 1-60 
4 <1-4 
4 3 3 3 1* 1-8 
1 1 1 1* 1-46 
3 1 2 2* 41° 1-21 
3° 1-32 
5 5 0 2 1 1 1 1-11 
2 1 2 1-8 
7 
H 
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reincubated. Readings were made when hemoly- 
‘sis was complete in the negative serum control 
series and in the tube containing 2 units of 
complement, and partially so in the one con- 
taining 1 unit. Readings were recorded on the 
basis of the relative concentration of the red 
blood cells in suspension in each tube. Com- 
plete, rather than partial, fixation was taken 
as the endpoint. The titers shown in table 1 
refer to the initial dilution of the serum before 
the addition of the other reagents. 


RESULTS 


The results are shown in table 1. 

The great majority of the vaccinated kit- 
tens failed to manifest clinical evidence of 
feline pneumonitis following experimental 
challenge although virus was present in 
the respiratory tract of most for at least 
one month thereafter. In general, the vac- 
cines containing active virus protected a 
greater proportion of the animals against 
challenge than did those containing the in- 
activated agent. Characteristic symptoms 
of the disease which were displayed by 
several of the vaccinated kittens following 
challenge were mild as compared with those 
produced in all the control animals. In no 
case did clinical infection result from vac- 
cination with the living agent. 

An antibody response in terms of the 
complement-fixing titer of the serum was 
produced in the majority of the vaccinated 
kittens which, in some cases, exceeded that 
of the experimentally infected controls. 
However, lack of correlation was noted in 
many instances between the antibody titers 
resulting from vaccination and clinical re- 
sistance to challenge. Low titers which were 
produced in response to vaccination were 
found, in the majority of cases, to have 
increased following challenge. 

DISCUSSION 

The fact that the majority of the vac- 
cinated kittens withstood challenge with 
the same amount of virus which caused 
active infection in all cases among the con- 
trol animals is evidence that vaccination 
against feline pneumonitis, with either 
dead or living virus, stimulates a degree 
of resistance to the fully virulent virus. 
The titer of the majority of the vaccinated 
kittens was found to have increased beyond 
the postvaccination level following chal- 
lenge, which suggests that the virulent 
virus produced an anamnestic reaction in 
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such animals. Should this occur in vac- 
cinated kittens as a result of natural ex- 
posure, it is a most fortuituous circum- 
stance inasmuch as it could, ostensibly, 
prolong the artificially induced immunity 
indefinitely, providing that exposures oc- 
curred at sufficiently frequent intervals. 

The absence of a consistent parallel which 
was noted between the antibody titers re- 
sulting from vaccination and resistance to 
clinical infection might be interpreted as 
evidence that immunity in feline pneu- 
monitis is not necessarily related to the 
presence of complement-fixing antibodies. 
However, inasmuch as challenge was fol- 
lowed by the development of appreciable 
titers, even in animals which exhibited 
little or no serological response to vaccina- 
tion, vaccination might be regarded as 
inducing a conditioning of the antibody- 
producing mechanism of the body so that, 
under the stimulus of challenge, protective 
antibodies were readily produced in a fur- 
ther manifestation of the anamnestic re- 
action mentioned above. Failure to develop 
antibodies at a sufficiently rapid rate to 
be of any protective value could account 
for the coexistence of relatively high serum 
titers and clinical infection which was 
demonstrated in a number of instances in 
this study. On the other hand, it is possible 
that immunity in feline pneumonitis is of 
the tissue, rather than the humoral type. 
The correlation which was observed in some 
cases in this study between antibody titer 
and resistance would, therefore, be merely 
coincidental. However, it must be empha- 
sized that the kittens which were considered 
as having failed to resist challenge exhibited 
relatively mild, although characteristic, 
symptoms of the disease as compared with 
the controls. Since the only utilizable 
criterion for the recognition of the disease 
was clinical evidence, it is possible, al- 
though rather unlikely, that manifestations 
of a nonspecific nature in the case of the 
vaccinated kittens mentioned above were 
mistaken for symptoms of feline pneu- 
monitis. 

Contrary to expectations, the yolk sac 
vaccines containing high concentrations of 
virus failed to stimulate comparable titers 
to those elicited by the crude infected yolk 
sac. However, the virus content of the 
purified and concentrated yolk sac vaccines 
was not determined by mouse titration. It 
is, therefore, possible that although these 
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vaccines contained a much greater concen- 
tration of virus than the crude yolk sac 
vaccine, it was largely in the inactivated 
state. The same objection would not apply 
to the allantoic fluid and mouse lung vac- 
cines, however, neither of which was sub- 
jected to procedures destructive to the 
virus. Nevertheless, the antibody response 
to the latter preparation was of the same 
order as that evoked by the preparations 
consisting of the purified yolk sac virus. 
These observations suggest that the anti- 
genicity of the vaccines used in this study 
is not primarily dependent on their virus 
content. It was noted that a close parallel 
existed between the antigenicity of the 
vaccine and the toxin content of the mate- 
rial from which it was prepared. It is 
suggested, therefore, that either the labile 
toxic substance which is elaborated in large 
amounts by the feline pneumonitis virus 
when grown in yolk sac® and to a lesser 
extent in the allantoic cavity,* or an anti- 
genic component present quantitatively with 
it, is the factor largely responsible for the 
antigenicity of the feline pneumonitis virus. 
It is difficult, however, to account for the 
fact that the mouse lung which evoked a 
poor antibody response proved to be a 
highly sensitive antigen in serologic tests. 


SUMMARY 


Of 34 kittens vaccinated with either ac- 
tive or inactivated feline pneumonitis virus, 
26 failed to develop observable symptoms of 
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the disease following challenge with viable 
virus administered intranasally, whereas 
the controls in all instances developed typi- 
cal clinical infection. The 8 remaining 
vaccinated animals displayed characteristic, 
although relatively mild, symptoms of the 
disease as compared with the control 
animals. 

The crude yolk sac virus vaccine would 
appear to be the one of choice, mainly be- 
cause of simplicity in preparation. 

Inasmuch as the most antigenic of the 
vaccines were prepared from materials 
which contained considerable amounts of 
toxin, indications are that complement- 
fixing antibodies in high titer to the virus 
are essentially antitoxic in nature. How- 
ever, the significance of these in immunity 
to feline pneumonitis is not clear. 


References 

IMcKerch.r, D. G.: Personal observation. 

*Baker, J. A.: A Virus Causing Pneumonia in 
Cats and Producing Elementary Bodies. J. Exptl. 
Med., 79, (1944) : 159-171. 

*‘Hamre, D., Rake, H., and Rake, G.: Morphe- 
logical and Other Characteristics of the Agent of 
Feline Pneumonitis Grown in the Allantoic Cavity 
of the Chick Embryo. J. Exptl. Med., 86, (1947): 
1-6. 

*‘Macchiavello, A.: 
Rickettsial 
Press, Cambridge. (1940) : 896. 

5Reed, L. J., and Muench, H.: A Simpie Method 
of Estimating 50 Per Cent Endpoints. Am. J. Hyg., 
27, (1938) : 493-497. 

*Hamre, D., and Rake, G.: Feline Pneumonitis 
(Baker), A New Member of the Lymphogranuloma- 
Psittacosis Group of Agents. J. Infect. Dis., 74, 
(1944) : 206-211. 


Cited by H. Zinsser in “Virus 
Diseases,” Harvard University 


| 


The Influence of Litter on the Control of Salmonella 
Infections in Chicks 
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LITERATURE CITED 

Kennard and Chamberlin'? reported a 12 
per cent reduction in mortality of chickens 
reared on old built-up litter. Using over 1,700 
chickens they observed a total mortality of 17 
per cent among chickens on fresh litter as 
compared with a mortality of 5 per cent 
among chickens on old built-up litter. They 
also observed that chickens reared on old 
built-up litter grew more rapidly on an all 
vegetable diet that was deficient in the animal 
protein factor than did those on litter that 
was frequently changed. Kennard, Bethke and 
Chamberlin® observed higher hatchability ot 
eggs from hens fed an all vegetable diet and 
kept on built-up litter as compared to eggs 
from hens on litter that was frequently 
changed. The work of Halbrook, Winter and 
Sutton‘ confirmed this effect on growth and 
the results of Schlamb and Winter® confirmed 
the work on hatchability. Halbrook, Sutton and 
Winter® also demonstrated that the Vitamin 
B” content of built-up.litter used for one year 
averaged 261 uwug. per gram of litter, that of 
new cob litter only 1 yug. per gram. 

Much of the work that has been reported 
on built-up litter has concerned the nutri- 
tional point of view and controlled experiments 
using infecticus agents have not been reported. 
Therefore, a need for the study of certain 
pathogenic bacteria and their relationship to 
the litter and to the reduction of mortality 
of chickens on such litter becomes apparent. 

Any of the materials that are commonly 
used for floor litter such as ground corn cobs, 
peanut hulls, peat moss, chopped straw, and 
wood shavings can be employed in the starting 
of built-up litter. Four requirements for the 
proper functioning of built-up litter are: (1) 
Depth—litter should be 6 to 12 in. deep in 
order to provide the necessary reservcir for 
absorption of fresh droppings and for various 
chemical and biological activities; (2) Stirring 

in order to keep the litter in a fully ab- 
sorbent condition, it should be stirred when- 
ever caking begins to cccur. This will also 
remove the droppings from the surface and 


From the Departments of Bacteriology 
Ferguson, Birkeland); and Poultry Science 
ter), The Ohio State University, Columbus. 

All funds in support of the research 
were provided by the Ohio Agricultural 
ment Station. 


(Botts, 
(Win- 


reported 
Experi- 


permit the various reactions to take place 
which result in the breakdown of such mate- 
rials; (3) Moisture—the various chemical and 
biological activities require some moisture. 
This is usually provided by the droppings and 
from the watering devices; (4) Heat—the 
temperature necessary for the reactions to 
take place in the litter needs no special atten- 
tion as there is usually enough heat provided 
by changes taking place in the litter and by 
the birds; only during very prolonged cold 
weather would any additional heat be necessary. 

With mature birds, the litter begins to build 
up in about eight weeks, but the litter should 
be in use five to six months to obtain the vari- 
ous nutritional values necessary for breeding 
flocks and for the production of eggs of good 
hatchability. 


EXPERIMENTAL 


Salmonella Pullorum.—tThe strain of Salmon- 
ella pullorum, 129, was obtained from the 
Veterinary Laboratory, Department of Bacteri- 
ology, at The Ohio State University and had 
been isolated from a chick during an outbreak 
of the naturally occurring disease. In order to 
establish the pathogenicity of this strain of 
the organism, 150 healthy 24-hour old New 
Hampshire chicks were given 0.25 ml. of a 
saline suspension. This was done by inserting 
a pipette into the mouth and administering 
the organisms directly into the oral cavity. 
Twenty-five hundredths milliliter of the sus- 
pension contained 250,000 organisms. 

These chicks, 30 per pen, were then placed 
on litter, or on a wire floor as follows: pen 1, 
new ccb litter; pen 2, new cob litter: pen 3, 
old built-up litter; pen 4, old built-up litter 
plus lime; pen 5, wire. 

All pens were 5 ft. by 7 ft. The temperature 
was maintained at 38 C. the first week and 
was gradually dropped to 35 C. by the end of 
the third week. 

A four-fold purpose was accomplished in this 
procedure: (1) The virulence of the organism 
was determined; (2) The litter became con- 
taminated with the organisms; (3) The num- 
bers and the length of time that the organisms 
persisted in the various types of litter was 
studied; and (4) The infectivity for day-old 
chicks placed on this contaminated litter was 
determined. 

In trial 1, which was started in November, 
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30 chickens were placed in each of the five 
pens. The 1-day-old chicks were given 250,000 
S. pullorum (strain 129 organisms in 0.25 ml. 
orally and the overall mortality was 80 per 
cent, table 1). In this trial, the litter played 
no role in the course of the disease. 


TABLE !—Virulence of Salmonella Pullorum (129) for 
Chicks on Various Types of Litter 


Mortality during 21 days 
Trial 1 Trial 2 
Type of Litter c 


Pen 1, new cob 

Pen 2, new cob 

Pen 3, old built-up litter 
Pen 4, old built-up + lime 
Wire 


24-hour-old New Hampshire chicks fed 0.25 ml. 
of a 24-hour culture (0.25 contained 250,000 organ- 
isms); 150 chicks in each trial. 


As stated before, one of the aims was to con- 
taminate the litter with S. pullorum in an 
attempt to determine if there was a difference 
in the persistence of this organism in new 
cob and in old built-up litter. 

The number of Salmonella organisms per 
gram of litter was estimated by the following 
procedure. Twenty small random samples were 
obtained from various parts of the surface 
litter in each pen. These were mixed together 
and then a 10-Gm. sample was placed in 90 
ml. of distilled water. This dilution was then 
shaken manually in dilution bottle at intervals 
for thirty minutes before any further dilutions 
and plates were made. Shigella-Salmonella 
(Bacto-SS) agar plates were partially dried 
either by placing them in an oven at 45 C. for 
five hours or at 37 C. for twenty-four hours. 
This drying procedure permitted the develop- 
ment of discrete colonies on the surface so 
that their colonial characteristics could be 
observed and representative colonies could be 
picked and inoculated into Kligler’s iron agar 
and other differential culture mediums. The 
use of unglazed porcelain lids on the Petri 
dishes also permitted one to incubate these 
plates in the upright position. On this medium, 
lactose-positive organisms are inhibited and 
the Salmonella colonies appear as small color- 


TABLE 2—Plate Counts on SS Agar for the Persistence 


Type of litter 32 48 56 


Pen 1, new cob 225,000 175,000 o* o* 
Pen 2, new cob 200,000 120,000 0o* o* 
Pen 3, old built-up 0 0 0 0 
Pen 4, old built-up 

+ lime 0 0 0 0 


*A few organisms were recovered when the sam- 
ple was placed in Selenite Broth and incubated 24 
hours before plating on SS agar. 


less colonies after twenty-four hours cf incuba- 
tion at 37 C. Table 2 gives the estimation of 
the survival of S. pullorum in the various types 
of litter in the first trial. 

After twenty-one days, the chicks that sur- 
vived were removed (table 1), the feed and 
water trays were cleaned and sterilized, but 
the litter was not disturbed. Other 24-hour-old 
New Hampshire chicks were placed on the 
litter and on the wire. Thirty chicks were 
placed in each pen con the thirty-second day 


TABLE 3—Plate Counts on SS Agar for the Persistence 
of Salmonella Pullorum in Litter (Trial 2) 


Number of organisms per gram of litter 
Days after 
start 
of Newcob 
exper. Pen 1 


Old B-U-L 
plus lime 
Pen 4 


20,000 
20,000 
8,000 


Old B-U-L 
Pen 3 


New cob 
Pen 2 
22,000 
16,800 
13,000 


30,000 
130,000 
730,000 

80,000 

30,000 

36,000 

47,000 


38,000 
184,000 
850,000 


92,000 


20,000 
25,250 
25,000 
34,000 
10,000 
16,500 
10,500 6,000 
2,500 4,100 
1,200 800 
0 


28,000 
23,000 


12,000 


(eleven days after removal of the chicks that 
had been given S. pullorum orally). These 
chicks were kept on the litter and on the wire 
for forty-five days. No deaths that could be 
attributed to S. pullorum occurred in this time. 
In fact, the total mortality was less than 1 per 
cent. 

Trial 2 was started near the end of April 
and was a duplicate of trial 1 in most respects. 
A second lot of 24-hour-old New Hampshire 
chicks was given 0.25 ml. of S. pullorum 
orally. The total mortality in this trial was 
83.6 per cent (table 1). After twenty-one days, 
the chicks that survived were removed, the 
feed and water trays were sterilized, but the 
litter was not disturbed. In this trial, 24-hour- 
old chicks (30 per pen) .were plaved on the 
litter two hours after the surviving chicks had 
been removed. These chicks were observed 
for sixty-eight days and no deaths occurred 
that could be attributed to S. pullorum. The 
mortality in this trial was about 1 per cent. 

It was not expected that deaths would occur 
on the old built-up litter since at the time the 
chickens were placed on the litter the organ- 
isms had disappeared (tables 2 and 3). Why 
the chicks that were placed on the new cob 


74 80 
86 77 
86 100 a 
| 0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
39 ( 0 
47 0 0 5 
59 0 0 
67 0 0 
70 0 0 7 
76 0 0 0 0 - 
of Salmonella Pullorum in Litter (Trial |) 
Number of organisms per gram after 
0 
0 
§ 0 


564 BoTTS—FERGUSON—BRIKELAND— WINTERS 


litter did not contract pullorum disease is a | 
matter of conjecture. 

All the chicks were checked for serum anti- $ 
bodies by the rapid plate method but no posi- 
tive results were obtained. In trial 1, attempts 
were made to determine if coproantibodies were 
present but negative results were also obtained. 

Salmonella Gallinarum.— Salmonella galli- 
narum attacks not only the very young chicks 
but those of all ages. Thus, the chickens re- 
maining from trial 1 were used for the S. 
gallinarum experiment. These chickens were 
45 days old at the start of this work. 

All chickens were removed from pens 1 and 
3. The litter was sprayed in these two pens 
with a 24-hour broth culture of the organism. 
Each pen, which was 5 ft. by 7 ft., was sprayed 
with 1,500 ml. of the broth culture (8,600,000,000 
organisms per milliliter). This particular 
strain was obtained from the Veterinary Lab- 
oratory. Department of Bacteriology, The Ohio 
State University. The litter was not disturbed 
and forty-eight hours later the chickens were 
replaced on it (30 per pen). This gave the 
following experimental conditions: pen 1, new 
cob litter, sprayed with S. gallinarum; pen 2, 
new cob litter—control; pen 3, old built-up 
litter, sprayed with S. gallinarum; pen 4, old 
built-up litter, control; pen 5, wire—chickens 
fed 0.25 ml. of S. gallinarum; control. 


oe 


800 
in each pen; 


2,600 


30 chickens 


8,300 


20,000 


16,000 


50,000 organisms) ; 


9 


40,000 
l. orally ( 


100,000 
30.000 


5 m 


9 


by Days 
given 0. 


43,000 


1,000,000 


Litter 


TABLE 4—Mortality of New Hampshire Chickens, 6 
Weeks of Age, on Various Types of Litter Sprayed 
with Salmonella Gallinarum 


0,000 


3,500,000 
5 


chickens were 


Count of 


S. gallinarum 
Total recovered 
mortality at autopsy 
(%) (%) 


Plate 
360,000 
5 the 


4,000,000 


Pen 1, new cob litter 
sprayed with 
S. gallinarum 


in pen 


Pen 2, new cob litter 
control 


310,000 


6,000,000 


Pen 3, old built-up litter 
sprayed with 
S. gallinarum 


autopsy ; 


Pen 4, old built-up litter 
control 


gallinarum 


Pen 5, wire chickens fed 0.25 
ml. of S. gallinarum 
by mouth 33 100 


of experiment. 


. gallinarum 


S 


*Includes 2 sick chickens, cause of illness 
determined; 30 chickens in each pen. 


gallinarum orally 
start 


TABLE 5—Persistence of Salmonella Gallinarum in Litter and Mortality by Days of New Hampshire Chickens 


at 


Table 4 shows the results of this experiment 
when S. gallinarum was sprayed on the litter. 
It will be noted that there was a higher mor- 
tality among the chickens on new cob litter 
(53 per cent) than on old built-up litter (33 
per cent). All chickens that died were au- 
topsied and material from the liver and heart’s 
blood was streaked on McConkey’s agar plates 
to determine if Salmonella gallinarum was 


old 


new cob sprayed with 


new cob control 


wire-chicks fed S. 


, old built-up sprayed with S. 


5, 


2 
*Salmonella gallinarum not recovered at 


Pen 4, old built-up control 
chickens 6 weeks 


Pen 


Pen 1, 
Pen 2, 
Pen 


i 

| 
| | 

! 
| 
i 33* 40 
(«Ct 


Am. J. Ver. Res. 
OcToBEeR 1952 


present. This was accomplished by selecting 
typical colonies and then inoculating differen- 
tial culture media. 

Table 5 shows the plate count of 8. galli- 
narum from the two types of litter and the 
death rate per day. It is of interest to observe 
again that the organisms disappeared much 
more rapidly from the old built-up litter 
(twenty days) as compared with the per- 
sistence of the organism in new litter for 
sixty-three days. 

The agglutinating titers of the blood of those 
chickens remaining at the end of this experi- 
ment were determined. These chickens were 6 
weeks old at the start of the work and 14 
weeks old at its conclusion. The titer of the 
serum of those chickens on old built-up litter 
was higher (maximum of 1: 5120) than of 
those on new cob litter (maximum of 1: 320) 
or the controls that were fed the organisms 
(maximum of 1: 320). What significance this 
has, if any, has not been determined. 


DISCUSSION 


Even though S. pullorum persists longer 
in new cob litter than in old built-up litter, 
the mortality is not increased. Also, it 
should be emphasized that the death rate 
does not increase when built-up litter is 
used. Whether or not it is a matter of 
dosage with both types of litter has not 
been established; however, the significant 
fact is that S. pullorum disappears more 
rapidly from old built-up litter than it does 
from new cob litter. This suggests that 
pullorum disease is difficult to transmit by 
means of the litter. 

Salmonella gallinarum, when sprayed on 
the various types of litter, disappeared 
more rapidly from old built-up litter than 
from new cob litter. The death rate with 
6-week-old chickens was also higher with 
the new litter than it was with the chickens 
kept on old built-up litter. 

Whether or not other pathogenic bac- 
teria will be reduced in numbers in built-up 
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litter has not been investigated. On the 
basis of these experiments, built-up litter 
is superior to new cob litter in reducing 
the mortality rate of 6-week-old chickens 
when exposed to S. gallinarum. 

A study of the factors responsible for 
the reduction in the number of pathogenic 
organisms and the reduction in mortality 
of chickens on built-up litter is underway. 


SUMMARY 


1) Salmonella pullorum and Salmonella 
gallinarum disappear from old built-up lit- 
ter more rapidly than they do from new 
cob litter. 

2) Salmonella pullorum in the concen- 
trations present in the litter in these experi- 
ments did not cause pullorum disease in 
New Hampshire chickens when exposed as 
day-old chicks. 

3) When litter was sprayed with S. 
gallinarum and 6-week-old chicks introduced 
after forty-eight hours, the mortality rate 
was lower among the chicks on old built-up 
litter than in those on new cob litter. 
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Some Effects of Oral Exposure of English Sparrows 
to Newcastle Disease Virus 


D. P. GUSTAFSON, D.V.M., M.S., and H. E. MOSES, D.V.M., M.S. 


Lafayette, Indiana 


SINCE THE recognition of Newcastle disease 
(ND) per se in this country in 1944,? it has 
become one of the foremost problems of the 
poultry industry. Its appearance in rela- 
tively isolated poultry enterprises gave 
impetus to the opinion that free-flying 
birds were closely associated with the dis- 
semination of the disease. This attitude re- 
sulted in decreased interest in sanitary 
efforts to confine ND to infected premises. 
The studies reported here were undertaken 
to help determine the role of free-flying 
birds in the spread of ND. The English 
sparrow (Passer domesticus) was chosen 
for study because of its presence in large 
numbers in close association with poultry 
flocks the year around over the entire 
United States, with the exception of a few 
areas of extremes in climate.1® The virus 
of ND has been reported to be pathogenic 
for sparrows in_ India by Sahai,!® who 
stated, “The disease is also pathogenic for 
sparrows, pigeons, and crows.” Certain 
textbooks!®: 17 state that sparrows are sus- 
ceptible. These statements are probably 
based on Sahai’s assertion that sparrows 
are susceptible. 

Numerous articles have appeared in the 
literature by workers in foreign countries 
reporting circumstantial evidence that ND 
occurs in free-flying birds.) 1%.1929 At- 
tempts made on four occasions to isolate 
Newcastle disease virus (NDV) from crows 
in India® failed to reveal the presence of 
the virus, which represents one of the rare 
instances in which such attempts were 
made. Naturally occurring ND in free-fly- 
ing birds in foreign countries has been re- 
ported in an adult gannet,?? as evidenced 
by isolation of the virus. Reports of the 
natural disease in free-flying birds in the 
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United States, based on isolation of the 
virus, have been made on a 12-day-old 
starling® and pheasant chicks,!* the latter 
having been in captivity. 


MATERIALS 


Sparrows were trapped on four locations near 
Lafayette, Ind. Each sparrow was tested for 
the presence of hemagglutination-inhibition 
(HI) antibodies. Only apparently healthy birds 
were used. 

Two strains of NDV were used, namely 
California 11914 strain and one recently 
lated from the field and designated as the 
Sullivan (SVN) strain. In all instances, the 
virus employed was contained in the amnio- 
allantoic fluids of chicken embryos that had 
died from the infection. The SVN virus used 
was obtained from the second and third egg 
passages. 

Plasma samples with and without antibodies 
for NDV were obtained from chickens. The 
antibodies were cbtained in response to form- 
olized 11914 virus. 

Chicken red blood cells in 1.0 per cent sus- 
pension in phosphate-buffered (pH 7.8) scdium 
chloride solution (0.85%)were used in hemag- 
glutination (HA) and HI tests. 
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METHODS 


All sparrows were exposed to NDV by intro- 
ducing 0.1 ml. of saline diluent containing NDV 
slowly into the oral cavity of each bird. 

In instances in which blood was tested, as 
much as possible was withdrawn from the 
humeral veins and the heart. Sodium citrate 
was used as the anticoagulant. About 2 ml. of 
blood was the maximum amount that was re- 
moved from each sparrow at any one time. 
Blood was withdrawn from the heart by in- 
serting through the thoracic inlet a 1-in., 20- 
gauge needle attached to a tuberculin syringe. 

In tests for virus in sparrows that were 
destroyed or died, the brain, liver, and lungs 
of each bird were removed and extracts pre- 
pared for inoculation into embryonating chick- 
en eggs. The individual tissues were ground 
and thorcughly mixed with 3 ml. of saline and 
stored at —28 C. The contents of the intestinal 
tract were also removed and mixed with 2 ml. 
of saline prior to storage at —28 C. 

Extracts of brain, liver, lungs, feces, and in- 
testinal contents were prepared uniformly for 
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inoculation of embryonating chicken eggs by 
the addition of penicillin’ and streptomycin.’?™ 
The final concentrations of the antibiotics 
were 2,500 units of penicillin and 25 mg. of 
streptomycin per milliliter. One-half-milliliter 
amounts of the antibiotic mixture were added 
to equal volumes of the extracts to be tested. 
These mixtures were incubated at room temp- 
erature for at least one hour before inocula- 
tion into eggs. The eggs were inoculated intra- 
allantoically with 0.2 ml. of the materials. 
Fluids from all embryos which died between 
twenty-four hours and eight days following 
inoculation were tested for HA activity. Fluids 
of dead embryos showing HA activity were 
retested for HA activity in the presence of 
known NDV-negative serum and NDV anti- 
serum. It was assumed, because of experience 
with the NDV strains used, that the embryo 
deaths occurring at times other than these 
were not due to NDV. The culture mediums 
employed for the detection of bacteria in egg 
materials were bacto-tryptose agar and thio- 
glycollate and nutrient broths. 

The procedure used in conducting the HA 
test followed, with slight modifications, the 
methods described by the Bureau of Animal 
Industry (BAI) In this procedure, 0.25 ml. 
of a 1.0 per cent suspension of chicken red 
blood cells was mixed with 0.25 ml. of buffered 
saline and 0.25 ml. of dilutions of the extra- 
embryonic fluids. 

A procedure used in the alpha HI test of 
sparrow blood was a modification of a test ob- 
served by Moses and Gustafson" to be appli- 
cable to chickens, wherein whole blocd was 
used directly in the tube HI test. Two-tenths 
milliliter of sparrow blood was mixed with 
4.8 ml. of buffered saline, and 0.5-ml. amounts 
of this mixture were combined with 0.25 ml. of 
virus. The alpha HI test used in all other in- 
stances was essentially that as suggested by 
the BAI” 

Infectivity-neutralization (IN) tests were con- 
ducted as recommended elsewhere;™ four eggs 
were inoculated with each test material. 

Recoverability of Newcastle Disease Virus 
from Tissues and Intestinal Contents—This 
study was planned to evaluate the invasibility 
of the virus for certain tissues and to deter- 
mine whether or not it is present in intestin- 
al contents. Two trials were run in series to 
evaluate these points. In the first trial involv- 
ing 14 sparrows, each was exposed to 10° lethal 
dose (l1.d.),. of SVN virus. Two birds were 
killed by exsanguination every other day be- 
ginning on the third and ending on the eleventh 
day following exposure. In the second trial, 13 
birds were exposed to 10° 1.d... of SVN virus, 
and 2 birds were killed each day beginning on 
the second and ending on the sixth day. In 
both trials, blood and extracts of the brains, 
livers, and lungs of the birds were tested for 
virus. In addition, in the second trial, intestinal 
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contents were also tested. From birds that died 
following exposure, intestinal contents and tis- 
sues (with the exception of whole blood) were 
tested for NDV in the same fashion. Four 
birds which remained alive at nineteen days 
postexposure in the first trial were exsan- 
guinated and the plasma was tested for HI 
antibodies. 


RESULTS 


Of 102 materials tested, NDV was recov- 
ered from 18. Thirteen of the virus recov- 
eries were made from 90 materials tested 
from the 20 sparrows which were destroyed, 
and five virus recoveries were made from 
the 12 materials from 3 sparrows which 
died (7, 10, and 12 days postexposure) dur- 
ing the second trial. The virus was recov- 
ered from 7 of 12 birds which were killed 
two to five days following exposure and 2 
which died on the seventh and tenth days, 
as shown in table 1. Recoveries were made 
from six livers, six lungs, three blood sam- 
ples, two intestinal contents, and one brain. 

Tests for HI antibodies in blood taken 
before exposure of the sparrows showed 
none to be present, and very low and ques- 
tionably significant levels of HI antibodies 
were found in 3 of 4 birds killed on the nine- 
teenth postexposure day. Of these 3 birds, 
2 had developed two HI units and 1 had de- 
veloped one unit. 

The concentrations of NDV in the spar- 
row materials were indicated by recovery 
of the virus from the following dilutions: 
10°* of one brain and one intestinal con- 
tents; 10-! of one liver and two lungs; and 
the initial preparation of five livers, four 
lungs, three blood samples, and one intes- 
tinal contents. 


Recoverability of Newcastle Disease Virus 


TABLE !—Distribution of 18 Isolations of Virus from 
9 Sparrows from Tests of 102 Specimens from 23 Birds 


Manner** and 
time of death 
days postexposure 


Material yielding 
virus 


Trial 
(No.)* 


Lungs, liver, and blood 
1 : Lungs and liver 
c Blood 


Liver 

Lungs, liver, and blood 

Lungs 

Lungs and liver 

Intestinal contents 

Lungs, liver, intestinal 

contents, and brain 

*These trials apply to the section on Recover- 

ability of Newcastle Disease Virus from Tissues 
and Intestinal Contents. **K indicates that the 
bird was killed, and D shows that the bird died of 
possible effects of the virus. 
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from Feces—While this study primarily in- 
volved tests for virus in feces, tests were also 
made for virus in other materials and for anti- 
bodies to determine whether or not infection 
had cccurred. 

Three groups of 4 birds each were exposed 
per os to one of three virus materials con- 
taining 10°°, 10'° or 10'° Ld., of SVN and 
placed in cages according to the inoculum re- 
ceived. Four other birds that were not ex- 
posed were placed in a fourth cage as con- 
trols. Starting five days postexposure, but 
omitting the sixth day, and continuing through 
the fourteenth day, samples of feces were 
collected from the birds by pairs. For two hours 
on each of these days, the pairs of birds were 
placed cn wire in 4,000-ml. beakers. The feces 
fell through the wire and into a glass con- 
tainer in the bottom of the beaker. 

Tests for virus were conducted in chicken 
embryos, as previously indicated, and later, be- 
cause of difficulties encountered, in chickens. 
These difficulties arose from the presence of an 
embryo-lethal factor in the fecal preparations, 
which were prepared by mixing 0.5 ml. of saline 
with each 200 mg. of feces. Attempts were 
made to determine the general nature of the 
factor by bacteriological studies, filtration, se- 
rial transfer in eggs, variation of the route of 
inoculation of embryos, and use of fresh rather 
than stored feces. 

One-day-old chickens were given the feces 
per os. Each of 6 birds received 2.0 ml. of 
pooled fecal samples that were negative for 
virus in embryo tests or whose possible virus 
content was obscured by embryo deaths from 
other factors. On the thirty-fifth day postex- 
posure, blcod samples were taken from the 
chickens and tested for HI and IN antibodies. 
Previous studies with day-old chickens from 
the same source showed the development of ND 
following enteral exposure to approximately 
1.0 l.d.. of SVN. Five days postexposure, the 
virus was isolated from their brains, livers, 
and spleens. 


RESULTS 


The inoculations of material from 40 of 
the 72 fecal samples and repetitions of 19 
of the 40 samples into 236 eggs was fol- 
lowed by death of 135 (57%) within nine- 
teen hours after inoculation and a total of 
165 (69%) within forty-three hours. Tests 
of fluids from eggs for HA activity indi- 
cated virus to be present in the initial ex- 
tract of one sample obtained from sparrows 
nine days after exposure to 107° 1d... of 
virus. This activity was inhibited by NDV 
antiserum. Bacteriological examination of 
the fluids of representative eggs indicated 
that the deaths of embryos with HA-nega- 
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tive fluids were due to factors other than 
contamination. 

Attempts to determine the nature of the 
factor in feces that was lethal for embryos 
indicated that it was of small size and prob- 
ably inanimate. The inoculation of 172 em- 
bryos with fecal extracts filtered through 
Swinny filters was followed by death of 88 
(51%) within eighteen hours. No evidence 
of HA activity was demonstrated in egg 
fluids, and the results of bacteriological 
tests were comparable to those observed 
earlier. Evidence that any NDV present 
did not pass through the filters was shown 
by the failure of embryos to die following 
inoculation with filtrates made from materi- 
als containing as much as 10% Ld... of 
virus. Attempts to transfer the lethal fac- 
tor serially in embryos failed. Likewise, 
inoculations of extracts of fresh fecal ma- 
terial onto chorioallantoic membranes of 
chicken embryos did not alter the pattern 
of embryo deaths due to this factor. 

The chickens exposed to the pooled feces 
showed no observable symptoms of ND, nor 
did any HI or IN antibodies become demon- 
strable. 

Tests for virus in brains, livers, lungs, 
and intestinal contents of 13 sparrows re- 
vealed none to be present. Two of the birds 
died nine and ten days after inoculation 
with either the largest or smallest amount 
of inoculum, and 2 of the 4 controls died 
on the sixth and fifteenth days of the ex- 
periment. The other 9 birds originated in 
the several inoculated groups, having been 
destroyed twenty-four to thirty days post- 
inoculation. 

Tests for IN antibodies in sparrows re- 
vealed titers that appeared to be correlated 
with the amount of virus to which they 
were exposed and/or to the interval be- 
tween exposure to virus and collection of 
blood. Of 6 birds bled eighteen days post- 
exposure, 3 exposed to 107° L.d.,, of virus 
had antibody titers of at least 100 or 1,000 
units, and 3 exposed to 10!-° 1.d.., of virus 
had none, 10, or 100 units. Two sparrows 
exposed to 10*° ld... of virus and bled 
thirty days postexposure had antibody 
titers of at least 10,000 units. Tests con- 
ducted at this time on 2 control birds re- 
vealed 100 units in 1 and less than ten in 
the other. 

Attempts to Transmit Newcastle Disease 
from Sparrows to Chickens by Simulated Na- 
tural Means.—Four sparrows were orally ex- 
posed to approximately 10°* 1.d., of SVN virus 
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in each of two trials, and likewise, 4 birds were 
exposed to 10°” 1.d.,. of 11914 virus in the first 
trial and to 10°° 1.d., of 11914 virus in the 
second trial. These sparrows were placed in 
cages on top of brooders containing 6 suscepti- 
ble day-old chickens in such manner that the 
feces of the sparrows fell into the feed and 
water available to the chickens. In each trial, 
4 sparrows which had not been exposed to 
NDV were placed in a similar manner over 6, 
day-old chickens as controls. As environmental 
controls, 12, day-old chickens were placed in 
a brooder in each of the two trials without the 
presence of sparrows or contact with NDV. 

In both trials, blood samples were taken 
from each chicken and individually tested fer 
HI and IN antibodies on the thirty-fifth day 
of the experiment. The brains, livers, and 
lungs of the sparrows which died during the 
trials were tested for virus. Sections of some 
tissues from these birds were prepared for his- 
topathological study. 


RESULTS 


There was no evidence of transmission 
of NDV from the sparrows to the chickens. 
Symptoms suggestive of ND were not ob- 
served in any of the chickens nor were any 
IN or HI antibodies found. 

In the first trial, the 4 sparrows exposed 
to the 11914 virus and 1 of the uninoculated 
sparrows died. The former died fifteen, 
sixteen, seventeen, and twenty days post- 
exposure, and the uninoculated bird died on 
the twenty-second day. Tests of the tis- 
sues for NDV showed the virus to be pres- 
ent in the lungs of 3 birds that had been 
exposed to the virus. 

During the second trial, all 8 of the spar- 
rows exposed to 11914 or SVN viruses and 
1 of the uninoculated birds died. The spar- 
rows exposed to 11914 virus died five, ten, 
eleven, and fourteen days after exposure. 
The birds exposed to SVN virus died one, 
three, four, and sixteen days postexposure. 
The uninoculated sparrow died on the third 
day. Tests for virus revealed it to be 
present in the liver and lungs of the spar- 
row that died on the fourth day after ex- 
posure to SVN and of the 1 that died on the 
fifth day after exposure to 11914 virus. 
The virus was not recovered from any of 
the other tissues. 

Sections of 57 tissues from 11 sparrows 
of this trial were examined for microscopic 
lesions. Four of the birds had been inocu- 
lated with 10%-° 1.d.., 11914 virus and 4 with 
10°-3 L.d... SVN virus; 3 were controls. The 
most noteworthy observations were made 
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from the sections of liver, spleen, kidneys, 
and lungs. 

The liver of each of the 8 exposed birds 
showed pathological change. Diffuse leuko- 
cytic infiltration was present in three liv- 
ers, increased size of lymphoid foci and 
diffuse lymphocytic infiltration in two, and 
increased size of lymphoid foci alone in one. 
Marked cirrhosis was present in the liver of 
1 bird which died one day after inoculation. 
Evidence of early degenration of hepatic 
cells appeared to be present in three livers 
and, in two of these, passive congestion and 
focal central necrosis were also observed. 

Of five spleens from exposed sparrows, 
two showed infiltration of immature lymph 
cells. In one, the infiltration was associated 
with enlargement of the spleen to at least 
twice normal size and, in another, with 
marked enlargement. 

Kidneys from 4 of 5 exposed spar- 
rows showed albuminous degeneration and 
desquamation of the epithelium of the col- 
lecting tubules. 

Pneumonia characterized by cellular ex- 
udate in the aveoli and leukocytic infiltra- 
tion of the perialveolar connective tissue 
was present in five of six lungs from ex- 
posed sparrows. 


DISCUSSION 


The premise that English sparrows are 
susceptible to ND and may be involved in 
its dissemination tends to be supported by 


the work presented here. Susceptibility is 
evidenced in the data by virus recovery 
from various tissues, feces, and intestinal 
contents, deaths, development of antibodies, 
and micropathology. That sparrows may 
be involved in the spread of NDV is evi- 
denced by the recovery of NDV from the 
feces of a pair of birds, in spite of difficul- 
ties encountered with a chicken embryo- 
lethal factor in the sparrow feces, and from 
the intestinal contents of several others. 
The data indicate that the virus invaded 
and propagated in the tissues of the birds. 
The virus was recovered from the lungs, 
liver, brain, and blood at various times; in 
the case of lungs, up to twenty days post- 
exposure. The recovery of NDV from the 
feces of 2 sparrows nine days postexposure 
and from intestinal contents of others up 
to ten days postexposure also supports this 
premise and gives evidence that the gastro- 
intestinal tract is a portal of exit for NDV 
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and thereby provides a potential means of 
spread. 

Evidence indicates that some of the birds 
died from the effects of NDV. Seventeen 
deaths occurred among 28 birds given the 
opportunity to live as long as twenty-three 
days. Micropathological lesions found in 
exposed birds that died were not observed 
in control birds that died or were destroyed. 

Antibody formation was observed in ex- 
perimentally exposed birds, but antibodies 
were not found in any prior to such expos- 
ure. Infectivity-neutralization antibodies 
were demonstrated in the birds which sur- 
vived exposure to intermediate or large 
amounts of NDV. Only low amounts of HI 
antibodies were demonstrated in the 4 birds 
tested nineteen days after exposure to large 
amounts of NDV. Tests were made only for 
HI antibodies immediately following collec- 
tion of sparrows, as the size of the sparrow 
presents a limiting factor in the procure- 
ment of experimental materials from indi- 
viduals. The inability to demonstrate HI 
antibodies may have been due to a charac- 
teristically low capacity to produce such 
antibodies, as suggested by the low titers 
demonstrated following exposure to medium 
and large amounts of virus. 

The tests simulating natural exposure of 
susceptible day-old chickens to exposed spar- 
rows did not demonstrate transmissibility 
of ND, even though the virus was recovered 
from some of the sparrows which apparent- 
ly died from the effects of NDV. There is 
no clear explanation for this result. 

The feeding of chickens with pooled feces 
of exposed sparrows did not result in trans- 
mission of the disease. This may have been 
due to the repeated freezing and thawing 
of the feces, necessitated by their use in 
other experiments. 

The age of the sparrows was not consid- 
ered in the studies. Drawing inference 
from the variable susceptibility of chickens, 
turkeys, and mice’ at various age levels, 
it is possible that such differences may also 
be obtained in sparrows. 

The degree of natural resistance of spar- 
rows to NDV, revealed by these studies, 
suggests that the sparrow is at present of 
minor importance in the epizodtiology of 
ND. However, it seems possible that serial 
passage of the virus through sparrows 
and/or entry of the virus by means other 
than per os may gradually or abruptly adapt 
strains of NDV into higher virulence for 


D. P. GUSTAFSON AND H. E. Moses 


Am. J. Vet. Res. 
OcTOBER 1952 


sparrows and make sparrow-to-chicken 
transmission common. 

Since these studies were completed, a re- 
port of naturally occurring ND based on 
isolation of the virus has been made on a 
Great Horned Owl of hitherto unknown sus- 
ceptibility.8 Also, experimental evidence 
has been obtained on the ability of orally 
exposed Passer melanurus® and house spar- 
rows and Java sparrows!! to eliminate the 
virus for variable periods. 


SUMMARY 


Studies were made to assess the effects of 
oral exposure of Newcastle disease virus 
(NDV) on the English sparrow (Passer 
domesticus) . 

1) The virus was recovered from the 
liver, lungs, blood, brain, or intestinal con- 
tents of 14 of 58 exposed sparrows. 

2) Assessment for NDV in fecal samples 
of exposed sparrows by inoculation of chick- 
en embryos was hindered by an embryo- 
lethal factor; however, the virus was 
recovered by this method from one of 72 
samples. 

3) Demonstration of transmission of 
Newcastle disease from sparrows to chick- 
ens was not accomplished by close tassocia- 
tion of the birds, although evidence of in- 
fection of the sparrows was shown. 

4) Histopathological studies revealed 
lesions in certain tissues which appeared to 
be associated with infection by the virus. 
The results are interpreted to signify that 
the sparrow has a measure of natural sus- 
ceptibility to NDV introduced per os. 
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Chemotherapy of Enterohepatitis of Turkeys 
Ill. Comparative Value of 2-Amino-5-Nitrothiazol and 
2-Acetylaminonitrothiazol in Prevention and Treatment 


L. C. GRUMBLES, D.V.M.; W. A. BONEY, JR., D.V.M., M.S.; 
R. D. TURK, D.V.M., M.S. 


College Station, Texas 


THE VALUE OF 2-amino-5-nitrothiazol and 
2-acetylaminonitrothiazol in the prevention 
of enterohepatitis of turkeys has been re- 
ported by various investigators.1* Jungherr 
and Winn* reported that 2-amino-5-nitro- 
thiazol in the ration at a concentration of 
0.1 per cent was an effective treatment in 
clinically affected birds. McGregor* found 
that a concentration of 0.05 per cent of the 
drug in the ration was not an effective 
treatment but did have prophylactic value. 
Grumbles, Boney and Turk (unpublished 
data) found 2-amino-5-nitrothiazol given 
continuously in an all-mash ration at the 
concentration of 0.05, 0.04 and 0.03 per 
cent to be effective in preventing mortality 
caused by enterohepatitis. This study 
showed that the drug had little value in 
treating enterohepatitis when medication 
was started after an outbreak of the disease. 

The object of this study was to further 
evaluate the prophylactic and therapeutic 
value of 2-amino-5-nitrothiazol and to com- 
pare its activity with 2-acetylaminonitro- 
thiazol. 


MATERIALS AND METHODS 


The holding facilities consisted of a shed- 
roof type brooder house with a dirt floor. The 
house was 8 ft. by 180 ft. and was divided by 
wire partitions into 15 pens. One 500-watt 
electrical brooder was used in each pen. 

Broad Breasted Bronze poults were started 
and maintained in battery brooders until placed 
on test. The birds in the first experiment were 
4 weeks old and those in the second experiment 
were 2 weeks old when started on experiment. 

The birds for each pen were selected by 
random sampling and identified by wing bands. 
The number of birds in a pen in the first ex- 
periment varied from 43 to 50. Fifty birds 


From Texas Agricultural Experiment Station and 
School of Veterinary Medicine, Texas A. & M. Col- 
lege, College Station. 

We are indebted to Merck and Company, Inc., 
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were used in each pen in the second experiment 
with the exception of one control group which 
contained 65 birds. The first experiment orig- 
inally contained 15 pens; however, during the 
third week of the test a wind storm completely 
demolished the brooder house. The building 
for pens 1 through 8 was rebuilt and the pens 
reconstituted within three days. The facilities 
could not be rebuilt in time to continue the 
experiment in pens 9 through 15. Because of 
this, only the prophylactic phase could be 
completed. 

In a previous experiment, litter from a house 
of chicken hens known to harbor Heterakis 
gallinae produced a high, uniform mortality 
from blackhead when used as litter in turkey 
pens. In this study, the ground which served 
as a floor for the house had been used as a 
range for chickens for several years. In addi- 
tion to this, a uniform amount of litter from 
the above mentioned henhouse was placed in 
each pen. 

In the prophylactic study, medication was 
started at the time of exposure and given 
continuously in all-mash ration for the duration 
of the experiment. In the therapeutic study, 
the drugs were administered in each pen after 
mortality from blackhead had occurred and 
was given continuously in an all-mash ration 
for fourteen days. 

Experiment 1 contained pens 1 through 8. 
The birds in pens 1, 3, and 5 received 2-amino- 
5-nitrothiazol at the concentrations of 0.05, 0.04 
and 0.03 per cent, respectively. Pens 2, 4, 6 
and 8 received 2-acetylaminonitrothiazol at 
the concentrations of 0.05, 0.04, 0.03 and 0.02 
per cent, respectively. Pen 7 was the non- 
medicated control. 

Experiment 2 contained 15 pens of birds. 
Pens 1A through 8A was a repetition of ex- 
periment 1 and the respective groups received 
the same level of medication as in experiment 
1. The birds in pens 9A through 15A were 
given the drugs on a therapeutic basis and 
medication was not started until enterohepa- 
titis had occurred in the pen. The birds in 
pens 9A and 11A were given 2-amino-5-nitro- 
thiazol at the concentrations of 0.2 and 0.1 
per cent, respectively. Pens 10A, 12A and 
13A received 2-acetylaminonitrothiazol at the 


(572) 


| 

| 
| 
| 


Am. J. Ver. REs. 
OcTOBER 1952 
concentrations of 0.2, 0.1 and 0.05 per cent, 
respectively. Pens 7A, 14A and 15A were the 
nonmedicated controls. 

Because of economic factors and the avail- 
ability of a market for turkey broilers, the 
experiments were discontinued when the birds 
were 10 weeks old. Experiment 1 covered a 
period of six weeks while experiment two cov- 
ered a period of eight weeks. 

The birds were weighed at the beginning of 
the experiment and at weekly intervals. Weekly 
feed consumption was recorded for each pen. 
Birds that died during the experiment were 
autopsied and an attempt made to determine 
the cause of death. The diagnosis of entero- 
hepatitis when made was based on gross lesions. 


RESULTS 


The results of this study are summarized 
in table 1. It is apparent that 2-amino-5- 
nitrothiazol and 2-acetylaminonitrothiazol 
were effective in preventing mortality from 
enterohepatitis when the drugs were started 
at the time of exposure to Histomonas 
meleagridis and given continuously in an 
all-mash ration. Only one death from en- 
terohepatitis occurred in experiment 1; this 
was in the pen which received 0.03 per cent 
of 2-acetylaminonitrothiazol. There was a 
22 per cent mortality in the nonmedicated 
control pen. 
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In the prophylactic study of experiment 
2, 1 bird from the group on 0.04 and 1 
from the group receiving 0.02 per cent of 
2-acetylaminonitrothiazol died from entero- 
hepatitis. In the three nonmedicated con- 
trols pens there was an enterohepatitis 
mortality of 6, 6, and 20 per cent or an 
average of 11.5 per cent. 

In the therapeutic part of experiment 2, 
the enterohepatitis mortality in the birds 
receiving 2-amino-5-nitrothiazol at a con- 
centration of 0.2 and 0.1 per cent was 8 and 
8 per cent, respectively. The mortality in 
the birds receiving 2-acetylaminonitrothi- 
azol at the concentrations of 0.2, 0.1 and 
0.05 per cent was 8, 8, and 4 per cent, 
respectively. The enterohepatitis mortality 
in the three nonmedicated control groups 
was 6, 6, and 20 per cent or an average 
mortality of 11.5 per cent. 

Neither of the two compounds at the con- 
centrations used significantly affected body 
weights, feed consumption or feed utiliza- 
tion; therefore these data are not included. 


SUMMARY 


Data from two experiments comprising 
1,132 turkey poults are presented on the 
value of 2-amino-5-nitrothiazol and 2- 


TABLE I|—Prophylactic and Therapeutic Use of 2-Amino-5-Nitrothiazol and 2-Acetylaminonitrothiazol 
Against Enterohepatitis of Turkeys 


Experiment 1—Phophylactic 
Pen No. 1 


No. birds 46 

Medication*® 0.05%—*1 

Enterohepatitis 
mortality (%) 0 


Experiment 2—Phophylactic 


Pen. No. 3A 
No. birds 5 50 
Medication* 0.05%—*1 0.04%-—*1 
Enterohepatitis 

mortality (%) 0 0 0 


0.05 %—*2 


Experiment 2—Therapetuic 


Pen No. 9A 10A 
No. birds 50 
Medication*® 06,.2%-*1 
Eenterohepatitis 
mortality (%) 8 


4A 


4 6 7 


44 50 45 
0.04% 


0.03%-*2 None 


0 9 99 


6A 


50 f 50 50 
0.04%—*1 


0.03 %—*2 


None 


0 6 


15A 


65 


*2 0.05% None 


4 5 20 


**1: 2-amino-5-nitrothiazol ; *2: 2-acetylaminonitrothiazol. 


| 
3 8 
0.05%—*2 0.04%-*1 0.02%-—*2 
0 0 0 
|| 5A || 7A 8A 
0.02%-—*2 
2 0 2 
11A 12A 13A 14A || 
50 50 50 50 || 
b-*2 0.1%-*1 0.19% 
6 
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acetylaminonitrothiazol in the prevention 
and treatment of enterohepatitis in turkeys. 

These data indicate that both drugs are 
effective in preventing mortality from 
enterohepatitis when started at the time of 
Histomonas meleagridis exposure and given 
continuously in the ration. Under the con- 
ditions of this study, 2-amino-5-nitrothiazol 
and 2-acetylaminonitrothiazol were of about 
equal prophylactic value. 

Under the conditions of this experiment, 
neither of the two drugs were of significant 
value in reducing enterohepatitis mortality 
when medication was delayed until an out- 
break of the disease had occurred. 
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Electron Micrographs of Newcastle Disease Virus Propagated 
in the Cotton Rat (Sigmodon Hispidus) 


REGINALD L. REAGAN, MAJOR U.S.A. (Ret.); D. M. SCHENCK, M. S.; 
A. L. BRUECKNER, V.M.D. 


College Park, Maryland 


ELECTRON MICROSCOPE studies were con- 
ducted to determine the morphology of the 
Newcastle disease virus (NDV) after intra- 
cerebral passage in the cotton rat (Sig- 
modon hispidus). Reagan and Brueckner'! 
showed a predominance of tailed virus 
forms in purified egg-adapted NDV, Colo- 
rado strain (BAI I 1946). These tailed 


forms were also found by Reagan and co- 
workers? in bat-adapted NDV (California 
strain 11,914) after one passage in 10-day 
embryonating chicken eggs. 


EXPERIMENTAI 


Six-hundredths milliliter of allantoic fluid 
from 10-day embryonating White Leghorn eggs 
infected with the 16th embryo passage of NDV, 
Colorado strain (BAI I 1946) was inoculated 
into the right frontal lobe of each of 6 cotton 
rats (Sigmodon hispidus) 21 days of age. 
Forty-eight to seventy-two hours after inocu- 
lation the cotton rats showed typical New- 
castle disease symptoms: irritability and 
malaise followed by rhythmical contraction 
of the muscles of the limbs and spreading over 
the entire body, and paralysis of the hind legs. 
When nervcus symptoms developed in a rat, 
the brain was removed aseptically, ground with 
alundum in a small mortar, and diluted to a 
10 per cent suspension with physiological 
saline. This virus-bearing suspension was in- 
jected intracerebrally into each of 6 cotton 
rats as described above. Typical Newcastle 
disease symptoms appeared in the rats of the 
second passage frem two to seven days after 
intracerebral inoculation. The infected rats 
were killed, and the same procedure was car- 
ried out in making a 10 per cent brain suspen- 
sicn. This virus-bearing material from each 
of the rat passages was inoculated into the 
allantoic sac of five 10-day embryonating 
chicken eggs. All embryos died within seventy- 
two hours. A pool of the allanto-amniotic fluid 
from the dead embryonating eggs infected with 
each rat passage was prepared. The presence 
of virus in each of these two pools was demon- 
strated, and the virus was verified to be that 
of Newcastle disease by a neutralization test 
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using embryonating chicken eggs as the test 
host. Newcastle disease-immune chicken serum 
completely neutralized the virus; nermal 
chicken serum had no effect. 

Each pool of allanto-amnictic fluid was cen- 
trifuged in a horizontal centrifuge for five 
minutes at 2,000 revolutions per minute. The 


Fig. 1—Newcastle disease virus from the brain of an 
infected cotton rat, (Sigmodon hispidus), after one 
subculture in embryonating egss. x 80,000. 
sediment was discarded and the supernatant 
fluid was recentrifuged for three hours at 
50,740 revolutions per minute in a Spinco 
ultracentrifuge, Model E. There was a 2 de- 
gree change in the temperature of the refrig- 
erated outer jacket. The sediment was re- 
suspended in 0.5 ml. of 3 per cent saline for 
ten minutes, placed on parlodion prepared 
screens, shadowed with chromium’ at arc tan 
3/12 and examined under an RCA EMU elec- 

tron microscope. 
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RESULTS 


Various fields chosen for electron micro- 
scope examination showed many virus par- 
ticles with tail structure and some without 
tail structure. Figure 1 shows NDV from 


Fig. 2—Newcastle disease virus from the brain of 
an infected cotton rat, (Sigmodon hispidus), after one 
subculture in embryonating eggs. x 95,000. 
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the first cotton rat passage after cultivation 
in embryonating eggs. The electron micro- 
graphs (fig. 2) of NDV from the second 
cotton rat passage after cultivation in 
embryonating eggs show the virus particles 
to be similar to those in figure 1. 


SUMMARY 

Newcastle disease virus, Colorado strain 
(BAI I 1946) was carried for two serial 
passages in cotton rats inoculated by the 
intracerebral route. Allanto-amniotic fluid 
from embryonating chicken eggs infected 
with rat brain suspensions from both pas- 
sages was used in electron microscopic 
studies. The morphology of the virus did 
not appear to be altered by passage through 
cotton rats. The virus was verified to be 
that of Newcastle disease by neutralization 
tests in embryonating chicken eggs. 
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Morphological Observations by Electron Microscopy of 
Pseudorabies Virus (Aujeszky Strain) After Propagation 
in the Rabbit 


REGINALD L. REAGAN; D. M. SCHENCK, M.S.,; M. P. HARMON, B.S.; 
A. L. BRUECKNER, B.S., V.M.D. 


College Park, Maryland 


THE AUJESZKY STRAIN of pseudorabies 
virus used for this study was furnished by 
the American Type Culture Collection of 
Washington, D. C. This virus in infected 
rabbit brain had originally been obtained 
from A. Aujeszky in 1931. Susceptible 
hosts (cattle, cats, dogs, and ordinary 
laboratory animals) die following inocula- 
tion by any route. Swine develop a mild, 
nonfatal illness when infected subcutane- 
ously or intramuscularly, and the serums 
of such animals, following recovery, is viri- 
cidal. This Aujeszky strain from Hungary 
is identical with the pseudorabies (mad 
itch) virus causing disease in the United 
States.' Before receipt at this laboratory, 
the virus had been passed several times in 
rabbits. The exact number of passages 
in rabbits is unknown. 

When received at this laboratory, the 
glycerinated rabbit brain was ground in 
a mortar with alundum and diluted to a 
10 per cent suspension with normal physi- 
ological saline. Two albino rabbits (weight 
3 lb.) were inoculated intracerebrally with 
0.1 ec. of the 10 per cent virus-bearing 
brain suspension, These rabbits showed 
nervous symptoms and excessive salivation 
in twenty to thirty hours. When symptoms 
appeared, the rabbits were destroyed and 
the brains were removed aseptically. Three 
other rabbits (weight 3 lb.) were injected 
intracerebrally with a 10 per cent suspen- 
sion of normal rabbit brain. No symptoms 
were seen in these normal controls. Two 
of the normal rabbits were destroyed thirty 
hours after inoculation. The brains were 
removed aseptically as mentioned previ- 
ously. The third control rabbit appeared 
normal after a ten-day observation period 
and was discarded. The pools of infected 
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rabbit brains and of normal rabbit brains 
were ground with alundum and diluted to 
10 per cent suspensions with physiological! 
saline. The two suspensions were then 
subjected to five-minute centrifugation in 
an angle centrifuge at 2,000 revolutions per 
minute. The supernatants were filtered 
through type ST size L3 Seitz filters. The 
filtrates were then subjected to centrifuga- 
tion for three hours at 194,000 gravitational 
force under refrigeration. The tempera- 
ture of the refrigerated outer jacket stayed 
constant at —8 C. during the centrifuga- 
tion. After the three-hour centrifugation 
period, the supernatants from the speci- 
mens were discarded, and the sediment 
from each specimen was resuspended in 1.0 


Fig. |—Pseudorabies virus shadowed with chromium 
at arc tangent 2/10. x 40,000, 


(577) 


i 

a i 


578 


REAGAN—SCHENCK—HARMON—BRUECKNER 


Am. J. Ver. Res. 
OcToBER 1952 


ec. of physiological saline. Several drops 
of each specimen were placed on several 
parlodion film supports which had been 
prepared forty-eight hours previously. 
After all excess fluid had been removed 
with small capillary pipettes, the films were 
dried and shadowed with chromium? at 


Fig. 2—Normal rabbit brain material at arc tangent 
2/10. x 40,000. 


arc tangent 2/10 and examined under the 
R.C.A. electron microscope, type E.M.U. 
The balance of the material of each suspen- 
sion was injected intracerebrally into 2 
rabbits (weight 3 lb.). 

The rabbits injected intracerebrally with 
the concentrated suspension of normal rab- 
bit brain appeared normal and were dis- 
carded after a seven-day observation period. 

The rabbits injected intracerebrally with 
the concentrated infected material showed 
nervous symptoms and became prostrate 
after forty-four hours. These rabbits were 
destroyed; the brains were removed asep- 
tically, pooled, ground, and diluted to a 
10 per cent suspension. This suspension 
was injected intradermally into 3 normal 
rabbits (weight 3 lIb.). These rabbits 
showed the following symptoms after forty- 
eight hours: scratching and biting of the 
skin at the site of inoculation, due to the 
pruritus produced by the virus. Salivation 
and grinding of teeth followed. Death 
occurred in all 3 rabbits within seventy- 
two hours. These rabbit brains were re- 
moved aseptically, pooled, ground, and 
diluted to a 10 per cent suspension. This 
suspension was injected intradermally into 
3 unvaccinated guinea pigs and into 3 
guinea pigs previously immunized intra- 
muscularly with the subculture of pseudo- 


rabies virus which had been obtained from 
the American Type Culture Collection. 
After three days, the unvaccinated guinea 
pigs showed symptoms of central nervous 
system involvement characteristically found 
in this disease, while the immunized group 
showed no nervous symptoms. This con- 
firmed the concentrated virus to be pseudo- 
rabies virus. 

Electron microscopic examination of the 
concentrated suspension of the brains of 
the normal rabbits revealed no virus-like 
particles. These controls were screened 
carefully. Upon examination of the con- 
centrated suspension from the infected 
brains, uniform virus-like particles were 
demonstrated, as shown in fig, 1. These 
bodies measured 90 to 100 ,» by direct 
measurement and appeared spherical with 
somewhat irregular contour. Figure 2 is 


a micrograph of a normal rabbit brain in 

which no virus-like particles were seen. 
The virus of pseudorabies, as measured 

by ultrafiltration, was 120 » in diameter.® 


SUMMARY 


Studies by electron microscopy of a 
concentrated virus-bearing brain suspen- 
sion of rabbits infected with pseudorabies 
(Aujeszky strain) showed the virus to be 
somewhat spherical with a diameter be- 
tween 90 and 100 y». These bodies could 
not be demonstrated in concentrated normal 
rabbit brain subjected to the same pro- 
cedure of concentration and examination. 
This concentrated infected material, upon 
being injected into normal rabbits intra- 
cerebrally, produced typical symptoms of 
pseudorabies. Virus suspensions from the 
brains of these rabbits injected intra- 
dermally into other rabbits produced pru- 
ritus and death within seventy-two hours. 
The virus in the concentrated material was 
infectious for unvaccinated guinea pigs but 
had no effect on guinea pigs previously 
immunized against pseudorabies virus. 
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Continuous Ink-Writing Kymograph Unit for Teaching and 
Research in Veterinary Physiology and Pharmacology 
E. C. STONE, M.S., D.V.M., and P. A. KLAVANO, B.S., D.V.M. 


Pullman, Washington 


TEACHING and research in the field of 
veterinary physiology and pharmacology is 
facilitated by continuous recording equip- 
ment. Recordings of the changes in body 
functions should indicate not only the 
dramatic effects but should also indicate 
the latent period and the time necessary 
for return to normal function. 

In many instances, where smoked paper 
recordings are made, only the dramatic 
effects can be recorded. For example, if 
one is to study the effect of hemorrhage 
on blood pressure and the return of blood 
pressure to normal as a result of intraven- 
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ous infusion, a long recording period is 
necessary. Drugs with a delayed action 
period or drugs that modify function for 
a long time can not be studied adequately 
unless continuous recordings are made. 

In order to overcome the disadvantages 
inherent in the use of smoked paper kymo- 
graph equipment, we have constructed a 
continuous ink-writing kymograph unit, 
using relatively inexpensive standard 
equipment. This equipment has been in 
use in our laboratories for the past three 
years and has proved itself to be superior 
to smoked paper equipment for most of 
our experiments. 

The essential features of the equipment 
can be noted by examination of fig. 1 and 


Fig. |—Essential features of the ink-writing kymograph unit. 
(579) 
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2. The standard Harvard kymograph pulls 
paper from a roll (1l-in. paper). In order 
for the kymograph to pull a large roll of 
paper, the friction plate of the kymograph 
must be fastened to the sleeve by means uf 
a metal pin or by fusion of these parts. 
Eighteen inches of the tracing can be 
observed during the progress of the experi- 
ment. Following the experiment, the en- 
tire tracing can be studied. Experiments 
lasting several hours can be conducted with- 
out the addition of a new supply of paper. 
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The continuous movement of the paper 
keeps the pens running free. Placing the 
kymograph in a well in the cabinet insures 
proper alignment of the kymograph with 
respect to the paper supply. The cabinet 
is constructed in such a manner as to ac- 
commodate the time clock mechanism, the 
electrodyne stimulator, batteries and wire 
connections, and a space for various attach- 
ments and instruments. This arrangement 
facilitates keeping the equipment clean and 
reduces equipment damage that often re- 


L 


— STANDS DRILLED & 
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Fig. 2—Mechanical details of the ink-writing kymograph unit. 
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sults when equipment is openly exposed on 
the laboratory desks. This compact unit 
also allows more free desk space for other 
equipment. The inductorium is shown out- 
side the cabinet in fig. 1. This instrument 
can be placed inside the cabinet on the 
instrument tray if desired. 
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The compact unit for student labora- 
tories has proved itself to be efficient, has 
given the student a greater appreciation 
of time intervals involved in drug action, 
and has encouraged him to think in terms 
of rate of change of body functions rather 
than in terms of the dramatic effects alone. 


Studies of Pseudorabies Virus (Aujeszky Strain) in the 
Rhesus Monkey (Macaca Rhesus) 


REGINALD L. REAGAN (Maj. Ret., U. S. Army); M. P. HARMON, B.S.; 
W. C. DAY, Ph.D.; A. L. BRUECKNER, V.M.D. 


College Park, Maryland 


THE AUJESZKY STRAIN of pseudorabies 
used for this study was furnished by the 
American Type Culture Collection of Wash- 
ington, D. C.1 This virus in infected rabbit 
brain had originally been obtained from 
A. Aujeszky in 1931. Susceptible hosts 
(cattle, cats, dogs, and ordinary laboratory 
animals) died following inoculation by any 
route. Swine develop a mild, nearly fatal 
illness when injected subcutaneously or 
intramuscularly, and the serums of such 
animals following recovery is viricidal. 
This Aujeszky strain from Hungary is 
identical with pseudorabies (mad _ itch) 
virus causing disease in the United States. 
Before receipt at this laboratory, the virus 
had been passed several times in rabbits. 
The exact number of passages in rabbits 
is unknown. 

When received at this laboratory, the glyc- 
erinated rabbit brain was ground in a mortar 
with alundum and diluted to a 10 per cent 
suspension with physiological saline. Two 
albino rabbits (weight 3 lb.) were inoculated 
intracerebrally with 0.1 ml. of the 10 per cent 
virus-bearing brain suspension. These rabbits 
showed nervous symptoms and excessive saliva- 
tion in twenty to thirty hours. When symptoms 
appeared, the rabbits were killed and the brains 
were removed aseptically. The pool of the 
infected rabbit brains was ground with alundum 
and diluted to a 10 per cent suspension with 
physiological saline. The suspension was then 
subjected to five minutes of centrifugation in 
an angle centrifuge at 2,000 revolutions per 


From the Live Stock Sanitary Service, Maryland 
State Board of Agriculture, University of Mary- 
land, College Park. 


minute (r.p.m.). The virus in the supernatant 
material was confirmed to be pseudorabies virus 
by a neutralization test using guinea pigs as 
the test host. The lethal dose, (l.d.,) of the 
virus material in Swiss albino mice (age 3 
weeks) by intracerebral inoculation was 10° 
according to the Reed-Muench method of 
calculation.” 

Two milliliter of this virus-bearing brain 
material was inoculated into each of 2 Rhesus 
monkeys (weight 5 lb.) by one of the following 
methods: intracerebrally, intradermally, and 
rectally. The response of the monkeys inocu- 
lated with this virus is recorded in table 1. 

The monkeys injected intracerebrally with 
the infected material showed nervous symp- 
toms and became prostate after five days. The 
monkeys exposed rectally and intradermally 
showed slight nervous symptoms and some 
scratching on the seventh day. The monkeys 
from all groups were killed on the seventh 
day; the brains were removed aseptically and 
stored at —40 C. Three days later the brains 
of all monkeys were thawed, ground separately, 
and diluted to 20 per cent suspensions with 
physiological saline. Five-tenths milliliter of 
each suspension was injected intradermally 
into individual rabbits. The 2 rabbits inocu- 
lated with the brain suspensions from the 
intracerebral series developed typical symptoms 
of pseudorabies on the third day. The other 
4 rabbits remained normal during a ten-day 
observation period and were discarded. 

Neurtalization tests using guinea pigs as the 
test host confirmed the virus in the brain sus- 
pensions from the monkeys of the intra- 
cerebral series to be pseudorabies virus. 


DISCUSSION 


From the results of the preceding ex- 
periment it was evident that the pseudo- 
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rabies virus produced only a mild infection 
in monkeys inoculated intradermally and 
rectally. However, when injected intra- 
cerebrally this virus proved to be highly 


TABLE I—The Response of Monkeys to Pseudorabies 
Virus by Different Routes of Inoculation 


Mon key Route of 


inoculation 


Incubation 
period Symptoms 


Intracerebral 
Intracerebral 
Intradermal 


Paralysis 
Paralysis 
Scratching and 
nervous symptoms 
Scratching and 
nervous symptoms 
Scratching and 
nervous symptoms 
Scratching and 
nervous symptoms 


Intradermal 
Rectal 


Rectal 


pathogenic. Hurst? had previously found 
this virus to be pathogenic for monkeys by 
intracerebral, intracisternal, and intrasci- 
atic injections but not by intradermal, in- 
tramuscular, and intravenous inoculations. 
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SUMMARY 


The Rhesus monkey (Macaca rhesus) 
was susceptible to the Aujeszky strain of 
pseudorabies virus by intracerebral ex- 
posure. The virus in monkzy brain sus- 
pensions from the intracerebral ser‘es was 
confirmed to be pseudorabies virus hy neu- 
tralization tests using the guinea pig as 
the test host. Monkeys infected intrader- 
mally and rectally with this pseujorabies 
virus showed slight nervous symptoms and 
some scratching. However, rabbits inocu- 
lated with brain suspensions from these 
animals showed no evidence of infection. 
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Everything about a Technicon Lab-aid file is de- 
signed to speed the work and improve filing effi- 
ciency. For example, the unique (patented) spring 
slide-spacers. Holding slides upright with plenty of 
gir-space for quicker drying, they're still supple 
enough to spread like this, so you can easily file or 

find a slide. If you want more capotity for close- 
packed, permanent storage, you simply remove the 
spacer, which gives you room for approximately 
6500 slides in a single 19” x 19” x 5” unit — up to 
45% more capacity. 
To find out more about this efficient system for 
laboratory filing, send the coupon below. 
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